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(54) G rafted cy clodextr i n 

(57) Thermoplastic polymer compositions, films, 
continues, closures, laminates can comprise a modified 
vinyl polymer said modified polymer having a moiety 
comprising a cyclodextrin compound. The cyclodextrin 
compound, locked into the polymer structure, can ab- 
sorb impurities, perrneants, or other undesirable volatile 
materials. The cooperation between the cyclodextrin 
grafted onto the thermoplastic polymer and the polymer 



structure can provide barrier properties to a film, web or 
other polymer structure. A permeant or a contaminant 
can be complexed or trapped within the polymer and 
held within the film or Web preventing the permeant or 
contaminant from passing into the interior of a container 
or enclosure. 
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Description 

Field of the Invention 

5 [0001] The invention relates to cyclodextrin grafted polymer materials used in a variety of end uses. The invention 
relates to polymer material, film, thick polymer webs, rigid or semi rigid sheets, chips barrier coatings and other forms 
of useful polymer. The invention also relates to packaging materials, closures, containers, liners and other barrier 
structures. 

10 Background of the Invention 

[0002] The development of high-performance polymer-based packaging materials and structures has allowed the 
evolution of light-weight, flexible films and rigid containers, bottles and trays that protect the contents against the ingress 
or egress organic vapors, aromas, moisture, oxygen and other gasses. The goal is to make the underlying technologies 
15 transparent while minimizing the financial and environmental costs of these products to the final consumer. There is 
still a considerable need for polymer materials and packaging systems that provide longer shelf-life stability under a 
wide range of storage conditions and food products. The present invention relates to barrier structures for food pack- 
ages that are useful in providing extended product shelf life. 

[0003] The outright size of the packaging industry makes it an attractive market with incredible numbers of technical 

20 challenges; e.g., flavor losses by scalping, tainting by off-odors and flavors, oxygen ingress, odor control, photodeg- 
radation (loss of value due to light sensitivity), loss of moisture, source reduction/waste recycling and environmental/ 
social considerations. As fundamental polymer science innovations increase, the applications for new packaging ex- 
pand considerably as well as the complexity of the solutions, thereby providing an ever-growing market for innovations. 
Current estimates suggest that the dollar value of the polymers used to manufacture packaging alone will account for 

25 more than $19 billion in 2002. The exploitation of olefin polymers as a packaging material has provided substantial 
advantages to producers, retailers and consumers over traditional glass, aluminum and metal materials since their 
introduction in the 1 950's. The driving force for innovation has been to develop convenient and transportable packaging 
consumer's demand, while continuing to improve the functional properties for protecting freshness, quality and safety 
at an affordable price by using more innovative technologies, complex materials and structures. 

30 [0004] Globalization of the food industry and their packaging suppliers is presenting challenges from a regulatory 
standpoint as materials to be exported must meet the requirements of whatever country to which the product is to be 
shipped. For the packaging innovator introducing novel packaging technologies, this represents a massive, protracted 
and costly undertaking. The regulatory agencies require that the materials, which are being manufactured, meet strin- 
gent safety standards for both human exposure and the environment. 

35 [0005] Packaging materials have been the target of environmental and consumer activist groups as being a major 
contributor to the solid waste stream; these materials make up over one-third of the total waste generated in the United 
States. In many cases, manufacturers want to achieve source reduction and cost reduction by combining polyolefin 
layers of different barrier materials (e.g., nylon, polyvinylidene chloride - PVDC, ethylene vinyl alcohol - EVOH, etc.) 
to achieve the desired barrier properties and gauge; metallization of packaging films is yet another technique. In some 

40 cases, these approaches create incompatibility problems for pre-consumer in-plant scrape recycle and for post-con- 
sumer plastic recycle streams. Environmental considerations clearly influence current packaging technologies and will 
certainly continue to do so in the future. 

[0006] In today's competitive markets, all technology innovations are driven by intense competition and therefore 
must meet the costs constraints and targets of the industry. The principal cost drivers in today's packaging are the raw 

45 materials. The value new, innovative technology brings to the package must be weighed against the added cost. 

[0007] The invention provides a polyolefin having a grafted cyclodextrin to diminish regulatory concerns because 
the cyclodextrin is covalently bonded to the polymer eliminating food safety concerns related to cyclodextrin migration. 
The present invention provides an innovative functional material with significant property improvements that is com- 
patible with source reduction, in-plant scrape recycle and post-consumer recycling. 

so [0008] The invention forms compatible cyclodextrin (CD)Zfunctionalized polyolefin composition by grafting a parent, 
unmodified cyclodextrin onto a polyolefin using extrusion processing to reduce both material, manufacturing and reg- 
ulatory costs and to lessen the impact on the environment which otherwise takes the synthetic route to synthesize a 
compatible cyclodextrin derivative. 

[0009] The invention also provides a commercial polyolefin material having greater crystallinity and lower surface 
55 energy to effectively change the partitioning of compounds in direct contact with the polymer especially nonpolar com- 
pounds (e.g., alkanes, aromatic, terpenes and sesquiterpenes). 
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Brief Description of the Invention 

[0010] The invention relates to novel functional polyolefin compositions and structures that contain cyclodextrin moi- 
eties pendant on the polymer. More particularly, this invention relates to a polyolefin comprising a reaction product of 

5 a functionalized polyolefin and cyclodextrin in which the cyclodextrin is grafted onto the functionalized polyolefin. Tra- 
ditional mixing apparatus can be used for the conversion. By grafted, a functional group such as hydroxy! functionality 
of the cyclodextrin reacts with a reactive functional group on the polymer to form a bond between the cyclodextrin and 
the polymer. In a preferred mode, an anhydride or epoxide component of the functionalized polyolefin can be used to 
form a reaction product. For example, a primary hydroxyl on the cyclodextrin reacts with a maleic anhydride moiety 

10 under conditions that convert substantially all anhydride groups to a half-ester. It has quite unexpectedly been found 
that by such conversion it is possible to significantly change low molecular weight transport of organic compounds in 
conventional polyolefin polymers using parent cyclodextrins. This invention is also a process for producing the reaction 
product of the functionalized polyolefin and the cyclodextrin by melt grafting with functionalized polyolefin in a customary 
compounding apparatus forming a compatible cyclodextrin/poly olefin composition. 

15 [001 1] Cyclodextrin grafted polymer compositions, according to the present invention, are useful in extruded or mold- 
ed structures such as thin films, laminates, semi-rigid films and rigid containers as well as fibers. For instance, these 
structures provide functional properties for a sealant layer in flexible food packaging, a beverage contact layer for 
cartons and bottles, plastic closures and sealing element layers for bottle and jars for sauces, soups, puddings, baby 
food and wine, a non-contact layer in plastic fuel tanks, and polymers used to manufacture fiber, textile, and nonwoven 

20 compositions for disposable diapers. 

Detailed Description of the Invention 

[0012] Briefly, the invention comprises a polyolefin covalently bonded to a CD. The CD can be reacted with a func- 
25 tionalized polyolefin. Polyolefins with a variety of reactive functional groups can be used to covalently bind CD. One rr 
version is modification or functionalization of polyolefins where a peroxide initiator is used with various unsaturated 
polar monomers to add chemically reactive moieties on the polymer has important unexpected application when used 
in combination with a group of compounds in this present invention known as cyclodextrins. 

[0013] Cyclodextrin (CD) is a cyclic oligomer of a-D-glucose formed by the action of certain enzymes such as cy- 
30 clodextrin glycotransferase (CGTase). Three cyclodextrins (alpha, beta, and gamma) are commercially available con- 
sisting of six, seven and eight oc-1 ,4-linked glucose monomers, respectively. The most stable three-dimensional mo- 
lecular configuration for these oligosaccharides is a toroid with the smaller and larger opening of the toroid presenting 
primary and secondary hydroxyl groups. The specific coupling of the glucose monomers gives the CD a rigid, truncated 
conical molecular structure with a hollow interior of a specific volume. 
35 [0014] Commercial polyolefin functionalization is achieved using solution, melt and solid state routes known in the 
art. The process covalently bonds monomers onto vinyl polymers or onto polyolefin polymers including copolymers of 
olefins with other monomers, such as vinyl monomers : which predominately constituent the olefin portion. Polyolefins 
useful in this invention include poly(ethylene) or PE, poly(propylene) or PP, poly(ethylene-co-propylene) or PEP, eth- 
ylene/methyl acrylate copolymer and ethylene/ethyl acrylate copolymer. The polyolefins can be functionally modified 
40 with unsaturated compounds such as unsaturated anhydrides and carboxylic acids. Additionally, there are terpolymers 
of ethylene-acrylatc (ethyl or butyl)-maleic anhydride and ethylene-methyl acrylate-glycidyl methacrylate. Any pack- 
aging grade of a vinyl polymer can be used. 

[0015] Functionalized polyolefins have extensive industrial applications such as coextrusion tie resins in multi-layer 
films and bottles for the food industry, compatibilizers for engineering polymers and plastic fuel tank tie resins for the 

45 automotive industry, flexibilization and compatibilization of halogen free polymers for cables and for filler materials 
used in roofing construction. Functionalized polyolefins useful in the present invention are maleated polyethylene and 
polypropylene (Orevac™ and Lotryl™ from ATOFINA : Plexar® resins from EQUISTAR, Fusabond® resins from Du- 
Pont, OPTM resins from MANAS, and EXXELORTM from Exxon/Mobil), functionalized EP, EVA and EPDM (such as 
ethylene-propylene-butadiaene or, ethylene-propylene-1 ,4-hexadiene polymers) ethylene-octene copolymers, ethyl- 

50 ene-n butyl acrylate-maleic anhydride, ethylene-ethylacrylate-maleic anhydride terpolymers and copolymers of ethyl- 
ene-glycidyl methacrylate and the like. The ethylene-propylene-1 ,4-hexadiene polymer can be represented as: 
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-(CH2CH2)* - (CHCH 2 ) y - (CHCHa)*- 
5 j 



CH 3 




10 

wherein x, y and z are selected to obtain about 70 to 90 wt% ethylene, about 1 0 to 30 wt% propylene and up to about 
5 wt% 1 ,4-hexadlene. The vacant bonds are linked to similar groups, H, or end groups. 

[0016] The olefinic compositions of the invention with pendent CD moieties can be extruded, laminated or molded 
is into a variety of useful films, sheets, closure liners and caps, structures or shapes using conventional processing 
technology. 

[0017] Compositions of this invention may be prepared using reactive extrusion by feeding a dry cyclodextrin, or 
derivative thereof, (<0.10% moisture), a functionalized polyolefin and optionally a second polyolefin, into an extruder 
at temperatures such that the cyclodextrin reacts with the functionalized polyolefin as the molten polymer and cyclo- 

20 dextrin are transported through the extruder to form a reaction product containing, for example, an ester group which 
covalently bonds the cyclodextrin to the polyolefin. The ratio of functionalized polyolefin to non-f unction alized polyolefin 
can be adjusted for a specific application and conversion process. The present invention is directed to a stoichiometric 
reaction product of a cyclodextrin and a graft linking agent (i.e., anhydride, epoxide, etc.), resulting in a modified polymer 
especially suited as a masterbatch which can be subsequently let down with one or more non-functionalized thermo- 

25 plastic polymers and thermoplastic elastomers at a weight ratio of one (1 ) parts of the masterbatch composition to ten 
(10) to twenty (20) parts of non-functionalized polymer. In other words the blend of polymer and master batch, or 
functionalized polymer, after blending can contain about 0.01 to 10 wt% of the CD functionalized polymer, in certain 
applications the polymer can contain about 0.02 to 8 wt% of the functionalized material, about 0.02 to 5 wt% of the 
functionalized material or about 0.02 to 2 wt% of the functionalized material. A maleic acid, fumaric acid or maleic 

30 anhydride functionalized material is useful for bonding CD to the polyolefin. The stoichiometric ratio for melt grafting 
is calculated on a gram-mole (gram-formula-weight) basis where one (1) gram-mole of CD (a : 3 or y) is equivalent to 
one (1) gram-mole the grafted anhydride, glycidyl and carboxylic acid moiety. 

[0018] Fumaric acid can be used as the grafting agent by rearranging and dehydrating fumaric acid as shown: 
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[0019] Maleic anhydride can be grafted onto the olefinic polymer using an "ene" reaction in which the otefinic char- 
ge acter of the polymer reacts with maleic anhydride to add the anhydride to the palymer chain, the reaction is exemplified, 
in the model structure, as follows: 
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[0020] Maleic anhydride can be grafted onto the olefinic polymer using a free radical reaction by cleaving the poly- 
olef in forming a free radical that can combine with maleic anhydride to form the grafted anhydride, the free radical 
mechanism is exemplified as follows: 
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-Cll 2 CH2CH 2 CH 2 CHg|CH2CH 2 CH 2 - 
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resulting in a grafted material. The reaction can occur at either a backbone unsaturated carbon or at an unsaturated 
carbon in group pendant to the polymer backbone. 

40 [0021] The inventive composition can be processed by any of the conventional blending or compounding processes 
known for blending participate into polymer in the thermoplastic processing arts. The CD grafting process of the subject 
invention is carried out in any conventional batch mixer, twin screw or single screw extruder capable of melting and 
homogeneously mixing the components of the process to produce a covalent bonded CD. The grafting reaction is 
conveniently carried out in the extruder or mixer of the invention. The preferred twin-screw compounder is configured 

45 with multiple barrel segments for inline additive compounding and optional devolatilization. A feeder, preferably a gravi- 
metric feeder, is used to feed the functionalized polyolefin into the first barrel zone of the extruder. A second additive 
feeder, either gravimetric or volumetric, is used to feed dry cyclodextrin upstream of the dispersive barrel segment. 
Care must be taken during the compounding process to prevent atmospheric moisture sorption by the CD. The twin- 
screw compounder is setup with two kneading sections. The kneading sections are spaced along the screw so the first 

50 kneading section melts the resin and mixes it, and the second kneading section allows dispersive mixing with minimal 
shear of resin. The conveying section in the first zone has increasing element pitch followed by dispersive screw 
elements. Following the dispersive section, a short section is used to convey the melt without increasing temperature 
and again followed by distributive mixing elements before the composition exits the compounder. Alternatively, the 
cyclodextrin can be metered into the first barrel zone along with the functionalized resin pellets from the gravimetric 

55 feeder. In this case, the barrel segments may be reduced and the dispersive mixing barrel elements moved up. The 
resin may be devolatilized in either configuration by drawing a vacuum in a downstream barrel segment before the 
resin is pumped out through a strand die. The molten polymer strands are run into a water bath and two air wipes 
before entering the strand cutter. The goal of the compounding step is to minimize moisture introduction while ensuring 
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a consistent feed of the cyclodextrin with good dispersion in the functionalized resin. 

[0022] In the present invention, in preparing a functionalized polyolef in/CD master batch, using a cyclodextrin material 
having reduced or low moisture content is important. When a masterbatch composition is produced, it can pick up 
some water in the water bath and may require drying in a hot air fluidized bed, an air oven or a vacuum oven prior to 

5 use in a conversion process. The downstream process, as well as the application, dictates the residual moisture content 
of the masterbatch. After the masterbatch is compounded, the CD moisture content can be varied to accomplish various 
aspects of the invention. Surprisingly, the barrier properties of a material made of a functionalized polyolefin/CD mas- 
terbatch letdown into virgin matrix material are not maximized if dry cyclodextrin material is used. The absence of 
cyclodextrin moisture leads to greater complexation of residual impurities inherent in all thermoplastic resins. The 

10 presence of some moisture in the cyclodextrin reduces complexation during the compounding and conversion process- 
ing steps. Cyclodextrin moisture levels between 0.5% and 2% in the masterbatch will generally minimize or substantially 
prevent residual resin impurity complexation Further, these levels of cyclodextrin moisture do not adversely affect 
polymer morphology or cause other adverse barrier affect such as matrix pinholes, microscopic voids, etc. The presence 
of some moisture in the cyclodextrin does not impede or reduce inclusion complex formation with diffusing permeants. 

15 [0023] Chemically grafting CD molecules onto functionalized polyolefin polymers economically produces a barrier 
or selective barrier structure with tailorable properties based upon the CD pore size (a, p, y), whether the CD is un- 
modified or modified, and the concentration of the grafted CD in the finished polymer. These unique properties include 
reducing the transport of low molecular weight impurities inherent in polymers, improving the intrinsic organic vapor 
barrier properties of the polymer, changing the surface energy of the polymer and thereby change polar and nonpolar 

20 organic partitioning at the interface, and increasing polymer crystallinity an important polymer characteristic especially 
in olefin ic polymers. These property improvements significantly add value to commercial commodity resins. These 
enhancements come with additional benefits not achievable with compatible cyclodextrin derivatives -pendent moieties 
or substituents that render the CD material compatible with the thermoplastic polymer - known in the art (US patent 
numbers 5,492,947, 5,603,974, 5,837,339 and 5,92B,745) which also achieve reduced migrants and barrier properties. 

25 The present novel CD grafted polymers have additional benefits that include significant changes in the polymer's sur- 
face energy, increased polymer crystallinity, significantly lower implementation costs, fewer regulatory safety concerns 
and, in some cases, a "greener" more environmentally/socially responsible barrier polymer. 

[0024] For this invention, a compatible CD means the CD material contains at least one pendent group capable of 
reacting with either an anhydride or epoxide functionalized polyolefin. Additionally, the CD material can be uniformly 

30 dispersed into the melted functionalized polyolefin, can reside in the polymer without reductions in the intrinsic barrier 
properties of the polyolefin, and can retain the ability to trap or complex diffusing permeants or polymer migrant impu- 
rities : and can change the surface energy of the polymer, organic molecule partitioning and improve polymer crystallinity. 
[0025] We have found that polyolefin incompatible CD, like unmodified a, p and -y-CD can be dispersed into func- 
tionalized polyolefins, covalently bonded to the functionalized polyolefin forming a compatible composition without 

35 microscopic particles or decomposition of the unmodified CD during compounding or during subsequent conversion 
steps. Further, we have found that functionalized polyolefins with covalently bonded unmodified CD do not cause melt 
fracture by visual inspection of the extrudate. Lastly, cross-sectioned polyolefin extrudate examined by optical micro- 
scopy is shown to be free of CD agglomerates. 

40 Cyclodextrin 

[0026] Cyclodextrin is a cyclic oligosaccharide consisting of at least six glucopyranose units joined by a (1 ->4) link- 
ages. Although cyclodextrin with up to twelve glucose residues are known, the three most common homologs (a cy- 
clodextrin, p cyclodextrin and y cyclodextrin) having 6, 7 and 8 residues have been used. 

45 [0027] Cyclodextrin is produced by a highly selective enzymatic synthesis. They consist of six, seven , or eight glucose 
monomers arranged in a donut-shaped ring, which are denoted a, p, or y cyclodextrin respectively (See FIGS. 1A, 1B 
and 1C, respectively). The specific coupling of the glucose monomers gives the cyclodextrin a rigid, truncated conical 
molecular structure with a hollow interior of a specific volume. This internal cavity, which is lipophilic (i.e.,) is attractive 
to hydrocarbon materials when compared to the exterior, is a key structural feature of the cyclodextrin, providing the 

so ability to complex molecules (e.g., aromatics, alcohols, halides and hydrogen halides, carboxylic acids and their esters, 
etc.). The complexed molecule must satisfy the size criterion of fitting at least partially into the cyclodextrin internal 
cavity, resulting in an inclusion complex. 
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(continued) 
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CYCLODEXTRIN TYPICAL PROPERTIES 


CD PROPERTIES 


a-CD 


p-CD 


y-CD 


Molecular Size (A°) 








inside diameter 


5.7 


7.8 


9.5 


outside diameter 


13.7 


15.3 


16.9 


height 


7.0 


7.0 


7.0 


Specific Rotation [cc] 25 D 


+150.5 


+ 162.5 


+ 177.4 


Color of iodine complex 


Blue 


Yellow 


Yellowish Brown 


Solubility in Distilled water 


14.50 


1.85 


23.20 


(g/100ml_) 25°C. 
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[0028] The oligosaccharide ring forms a torus, as a truncated cone, with primary hydroxyl groups of each glucose 
residue lying on a narrow end of the torus. The secondary glucopyranose hydroxyl groups are located on the wide 
end. The parent cyclodextrin molecule, and useful derivatives, can be represented by the following formula (the ring 
carbons show conventional numbering) in which the vacant bonds represent the balance of the cyclic molecule: 
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wherein R 1 and R 2 are primary or secondary hydroxyl as shown. 

[0029] The CD's internal cavity size (i.e., a, p, 7) must be considered and the functional group modification must be 
suitable for changing the desired bulk polymer and surface polymer characteristics in addition to forming an inclusion 
complex with targeted volatiles or impurities. To achieve a specific result, more than one cavity size and functional 
group may be necessary. 

[0030] According to the present invention, the cyclodextrin is a compound substantially free of an inclusion complex. 
For this invention, the term "substantially free of an inclusion complex" means that the quantity of the dispersed CD 
material in the bulk polymer contains a large fraction having CD free of a polymer contaminant in the central pore of 
the cyclodextrin ring (see Fig. 1 A). The central pore is used as a binding location for permeants. Once used the central 
pore can acquire a permeant or other inclusion compound but some complexing can occur during manufacture. Such 
complexing can occur as residual polymer impurities and degradation materials become the inclusion compound in 
the CD inclusion complex. 

[0031] CD molecules have available for reaction with a functional ized polyolefin the primary hydroxyl at the six po- 
sition of the glucose moiety, and at the secondary hydroxyl in the two and three positions. Because of the geometry 
of the CD molecule, and the chemistry of the ring substituents, all hydroxyl groups are not equal in reactivity. However, 
with care and effective reaction conditions, dry CD molecule can be reacted to obtain grafted CD. CD with selected 
substituents (i.e.) substituted only on the primary hydroxyl or selectively substituted only at one or both the secondary 
hydroxyl groups can also be grafted if desired. Directed synthesis of a derivatized molecule with two different substit- 
uents or three different substituents is also possible. These substituents can be placed at random or directed to a 
specific hydroxyl. Further, CD alcohol derivatives (e.g., hydroxyethyl and hydroxypropyl) and amino derivatives can be 
reacted to make a grafted CD. 

[0032] The preferred preparatory scheme for producing a grafted CD polyolefin material having compatibility with 
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polyolefin resin involves reactions at the primary or secondary hydroxyls of the CD molecule. It is meant that a hydroxyl 
functionality of the CD reacts with the anhydride or expoxide component of the functionalized polyolefin to form a 
reaction product. The formation of an ester or ether bond on either the primary or secondary ring hydroxyls of the CD 
molecule involve well-known reactions. Further, CD having less than all of available hydroxyls substituted with derivative 

5 groups can be grafted with one or more of the balance of the available hydroxyls. The primary-OH groups of the 
cyclodextrin molecules are more readily reacted than the secondary groups. However the molecule can be substituted 
on virtually any position to form useful compositions. Broadly, we have found that a wide range of pendant substituent 
moieties can be used on the molecule. These derivatized cyclodextrin molecules can include alkylated cyclodextrin, 
hydrocarbyl-amino cyclodextrin, and others. The substituent moiety must include a region that provides compatibility 

10 to the derivatized material. 

[0033] Amino and other azido derivatives of cyclodextrin having pendent thermoplastic polymer containing moieties 
can be used in the sheet, film or container of the invention. The sulfonyl derivatized cyclodextrin molecule can be used 
to generate the amino derivative from the sulfonyl group substituted cyclodextrin molecule via nuclophilic 'displacement 
of the sulfonate group by an azide (N 3 -1 ) ion. The azido derivatives are subsequently converted into substituted amino 

15 compounds by reduction. Such derivatives can be manufactured in symmetrical substituted amine groups (those de- 
rivatives with two or more amino or azido groups symmetrically disposed on the cyclodextrin skeleton or as a symmet- 
rically substituted amine or azide derivatized cyclodextrin molecule. Due to the nucleophilic displacement reaction that 
produces the nitrogen containing groups, the primary hydroxyl group at the 6-carbon atom is the most likely site for 
introduction of a nitrogen-containing group. Examples of nitrogen containing groups that can be useful in the invention 

20 include acetylamino groups (-NHAc), alkylamino including methylamino, cthylamino, butylamino, isobutylamino, iso- 
propylamino, hexylamino, and other alkylamino substituents. The amino or alkylamino substituents can further be 
reactive with other compounds that react with the nitrogen atom to further derivatize the amine group. Other possible 
nitrogen containing substituents include dialkylamino such as dimethylamino, diethylamino, piperidino and piperizino. 
[0034] The cyclodextrin molecule can be substituted with heterocyclic nuclei including pendent imidazole groups, 

25 histidine, imidazole groups, pyridino and substituted pyridino groups. 

[0035] Cyclodextrin derivatives can be modified with sulfur containing functional groups to introduce compatibilizing 
substituents onto the cyclodextrin. Sulfur containing groups manufactured based on sulfhydryl chemistry can be used 
to derivatize cyclodextrin. Such sulfur containing groups include hydroxyethylthio (-S-CH 2 CH 2 OH), imidazolylmethyl- 
thio, aminoalklylthio and others. 

30 

Applications and Uses 

[0036] Long-established food packaging concepts are limited in their ability to extend the shelf-life of food products. 
Innovative food packaging concepts of the present invention interact with the environment inside the package and 
35 respond by changing their properties to maintain, adjust or improve the specific package headspace atmosphere or 
minimize food flavor loss to the package by "scalping" (i.e., uptake of volatile components by the polymeric package 
material from the food) thereby adding to product quality and extending shelf-life. The most notable group of technol- 
ogies in use today for controlling package headspace oxygen is oxygen scavengers. 

[0037] Multi-layer or composite packages, including gable top cartons, rely on essential layers of plastic that adds 

40 strength, barrier to other materials in the structure, and sealability. By way of example, gable-top milk and juice cartons 
are specifically disclosed in U.S. Patent Nos. 5,81 6,487, 5,508,075, 5,61 6,353, 6,1 93,827 and 6,372,31 7 as liquid tight 
containers. While these familiar gable-top cartons have been extensively used throughout the United States to contain 
juices, they are associated with some problems. Most interior polyolefin food contact or sealant layers scalp low mo- 
lecular weight volatile organic aroma and flavor compounds'from the food into the polymer, based on the sorption 

45 mechanism, has been and continues to be the subject of considerable attention and concern. Sorption may result in 
the loss of aroma and flavor volatiles associated with product quality. An hy dride-f unction alized polymers modified with 
cyclodextrin effectively address problems related to poor organic barrier, surface hydrophobicity, and food flavor scalp- 
ing over blends of conventional polyolefin. The invention described herein is particularly useful for containers construct- 
ed from laminates having a heat sealable internal food contact surface which enables significant flavor retention in fruit 

50 juices contained therein over the shelf life of the product. 

[0038] In a properly designed food package, polymers should sorb a minimum amount of the critical flavorings while 
meeting all other performance requirements. Flavor loss due to sorption into the packaging polymer is generally as- 
sumed detrimental to product quality. In contrast, thefruit juice industry has designed liquid packaging to take advantage 
of sorption losses by striving to eliminate off-flavor precursors. The present invention relates to the use of the package 

55 food contact polymer layer, as illustrated by the juice example, to selectively remove undesirable off-flavors from the 
packaged foods while minimizing the loss of important flavoring compounds. The food package contact layer can be 
constructed of anhydride-functionalized polymers modified with cyclodextrin to effectively address problems related to 
poor organic aroma/flavor barrier, unwanted food flavor scalping, and removal of offensive odors/aromas from the 
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interior of food packages produced by lipid oxidation, lipid hydrolysis and protein/amino acid breakdown of the packaged 
food. These active packaging polymer improvements are significant over conventional polyolef ins and can considerably 
improve food taste over the shelf life of the product. 

[0039] Packaging laminates have been used for many years for packaging food products. A widely known and used 
5 container is a paperboard-based structure, which is coated with various barrier and sealant materials. The contact 
layer for the food package of the present invention is heat sealable, thus providing a useful barrier structure for con- 
verting a stock material into cartons andsimilarfood retaining packages which require heat sealing. The barrier structure 
of the present invention is particularly useful in packaging orange juice and similar citrus products. Anhydride-func- 
tionalized polymers modified with cyclodextrin lead to the improved interfacial interaction of conventional polyolefin 
10 polymers such as changing partition coefficients, polymer solubility coefficients due to hydrophobicity, greater crystal- 
linity, and providing a selective scavenging function. 

[0040] As the plastics industry has matured, it has developed numerous specialty foods packaging applications. A 
large number of single and multi-layer structures are available to store liquid or solid, food or non-food products. There 
continues to be a need for high performance, value-added packaging that is capable of maintaining or improving a 

15 specific internal package environment to assure improved quality, safety and shelf life while also achieving this objective 
from progressively thinner and transparent films. Current low oxygen-barrier packaging methods do not eliminate all 
the deteriorative chemical reactions produced by the stored foods or the packaging, so undesirable chemical by-prod- 
ucts such as odor and taste taints continue to be produced in trace amounts, and these are effectively retained in the 
headspace of the package re-adsorbed by the product reducing product flavor quality and shelf life. When the ratio 

20 (proportion) or the total concentration of these compounds gets too far out of line, they contribute to food off-flavor. 
[0041] Low and intermediate moisture level foods comprise a large part of the shelf stable foods such as cereals, 
crackers, cookies, salted snacks, etc. They contain fat, protein, starches and are subject to many deteriorative chemical 
reactions. The most important chemical changes are associated with hydrolytic reactions, enzymatic action, oxidative 
reactions, particularly lipid oxidation that alters the flavor of many lipid containing foods, and non-enzymatic browning. 

25 The chemical compounds produced from these reactions vary widely in their chemical and physical properties. They 
also vary in their impact on flavor. Some are responsible for pleasant aromas, while others produce offensive odors 
and flavors, often causing major problems in the storage of foods. So removing all of these compounds will cause 
flavor fade or removing some and not others will cause flavor imbalance - a bad tasting food. 

[0042] In breakfast cereal, for example, accelerated shelf life studies using elevated temperature and low humidity 
30 produce a number of deteriorative chemical compounds. Cyclodextrins can minimize the headspace accumulation of 
volatile chemical family compounds (i.e., aromatic, alkanes, alkenes and ketones) in addition to aldehydes which cannot 
be removed by traditional antioxidants, and oxygen and aldehyde scavengers. Cyclodextrins can trap hydroperoxides 
and other compounds that are produced by oxidation of the sealant polymer during extrusion and are known to be 
detrimental to flavor quality. Further, grafted CD/polyolefin can selectively partition specific unwanted off-flavor com- 
35 pounds from the headspace surrounding the stored food into the sealant polymer layer without significantly affecting 
preferred desirable flavors and thereby preventing flavor fade. The CD pore is an effective trap for a broad spectrum 
of undesirable odors known to cause flavor defects in packaged foods. 

[0043] A large proportion of fresh fruits, vegetables and cut flowers harvested are lost due to spoilage resulting from 
increased levels of ethylene gas in the package headspace. One of the ways to retard the ripening of fruits, vegetables 

40 and the quality of fresh flowers is to reduce the ethylene gas generated. The ethylene absorbing capacity of a LDPE 
film can be improved by having a thin contact inner layer with a functionalized LDPE and cyclodextrin. Cyclodextrin 
grafted polymers can be used as the food contact layer in a multilayer structure to extend product shelf life by reducing 
ethylene gas in the headspace surrounding the product and maintaining the appropriate humidity (generally greater 
than 80% RH) so undesirable wilting and shriveling doesn't take place: If the produce is sealed in an impermeable film, 

45 headspace 0 2 levels will fall to low levels where annerobic respiration takes place forming undesirable odor and flavor 
compounds such as ethanol, acetaldehyde and organic acids. The advantage of grafting cyclodextrin onto the polyolefin 
is that a high concentration of CD can be used in the LDPE skin layer to improve the partitioning of ethylene gas and 
other organoleptic precursors from the headspace without degrading the intrinsic olefin barrier properties to moisture . 
and gasses. 

so [0044] Beverage sealing elements and plastic screw cap closure shells generally contain one or more of the following 
thermoplastic materials: low density polyethylene and linear low density polyethylene (LDPE and LLDPE), high density 
polyethylene (HDPE), polypropylene (PP), ethylene vinyl acetate (EVA), polyvinylchloride (PVC) and polyvinylidene 
chloride (PVDC). High barrier liner materials are usually compounded compositions containing a thermoplastic (typi- 
cally an olefin) and dispersed into the thermoplastic are elastomeric materials (typically a butyl rubber, a styrene buta-' 

55 diene rubber or a acrylic rubber) forming a thermoplastic elastomer material composition. These thermoplastic com- 
positions are manufactured into shapes that allow them to function as a closure element for a standup pouch, jar or 
bottle of metal, glass or plastic. Screw cap plastic closure shells used to seal carbonated soft drinks, carbonated waters, 
etc. contain a two-component system comprising a PP screw cap shell and a monolayer liner usually produced from 
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LDPE and EVA to provide a positive seal. Closure shells for non-carbonated beverages (e.g., still water) are manu- 
factured from PP as a single piece functioning both as a screw cap and liner. Closure shells and liner compositions 
contain a number of additional performance additives - lubricants, antistats, plasticizers, heat stabilizers, antioxidants 
and pigments. One additive in particular, a common polymer lubricant called erucamide, improves the melt flow prop- 
5 erties and reduces the adherence of the liner and shell to the bottle by decreasing release torque. Additives, which 
function at the surface of the polymer, are traditionally migratory and migration occurs over time. The surface of the 
polymeric shells and liners of the container can become sources of chemical precursors susceptible to ozonolysis from 
residual ozone. 

[0045] Ozonation is commonly used worldwide for disinfecting drinking water stored in bottles. Residual ozone : typ- 
10 icallyppb levels, remains in the water after bottling. Ozone reacts with unsaturated compounds forming unstable organic 
ozonides, which decompose rapidly into oxygen compounds, such as aldehydes, ketones, and peroxides, or react 
rapidly with oxidizing or reducing agents. The unsaturated chemical bonds in erucamide and oleamides, which migrates 
to the surface of the closure polymer and to a lesser extent unsaturated olefin monomers and oligomers exposed on 
the surface, producing an organoleptic defect often described as a "plastic" taste. The plastic off-taste can be associated 
15 with the presence of part per billion (ppb) levels of low human threshold organoleptic compounds, particularly C 1 . 30 
aldehydes such as hexanal, heptanal, octanal, nonanal and decanal. Residual organoleptic volatiles, which are pro- 
duced either from chemical oxidation by ozone or through thermo oxidation or photo oxidation of the liner or closure, 
can be effectively complexed by dispersing a f unctionalized polyolef in/CD composition within the liner or closure com- 
position preventing their migration into the beverage. The present invention relates to container liner and shell com- 
20 positions for retaining a foodstuff, beverage or pharmaceutical containing grafted cyclodextrin to reduce off-taste and 
odor organoleptic migrant and ingress permeants, thus improving taste of the stored product. 

[0046] Fibers used in the present invention may be any polyolefin fibers known in the art. The thread-like fibers used 
in the invention are a composition comprising a functionalized polyolefin and grafted CD and polyolefin and are used 
to construct a nonwoven web comprised of one or more overlapping or interconnected fibers in a nonwoven manner. 

25 The fibers can be in the form of a long filament produced by spun melt or melt blown processes. Any nonwoven 
polyolefin fibers known in the art may be used in the present invention. The nonwoven webs may be used to construct 
bandages, disposable diapers and incontinent products, which have an improved odor control system to reduce or 
eliminate malodors caused by bodily fluids, such as blood, urine, menses, and the like. The functionalized polyolefin 
and grafted CD is homogeneously distributed throughout the fiber permitting malodor compounds to sorb into the fiber 

30 and then diffuse into the core of the fiber where they are complexed or effectively trapped by the CD throughout the 
entire fiber preventing their olfactory detection. The nonwoven web produced from functionalized polyolefin and grafted 
CD both changes the fibers wetting properties and effectively absorbs malodors and reduces olfactory detection. 
[0047] Currently, the five-layer coextruded fuel tank is the de facto industry standard in North America. Coextruded 
tanks are designed to meet strict evaporative fuel standards and consist of an inner layer of HDPE joined by a tie layer 

35 and barrier layer of polyimide (nylon) or ethylene-vinyl alcohol (EVOH) copolymer. The tie layer is an adhesive resin 
formed by the copolymerization or graft polymerization of HDPE with maleic acid, and has a functional group which 
adheres to a polyethylene chain polymer. An additional tie layer is joined by a layer of "regrind" and an outer layer of 
HDPE. The use of the "regrind" layer adds an additional layer for a six-layer tank wall. The invention can be used to 
substantially improve the barrier properties in commercial thermoplastic fuel tanks by adding a functionalized HDPE 

40 grafted with CD to the outer HDPE layer composition of the fuel tank to reduce gasoline vapor permeation. 

[0048] The present invention is directed to a process whereby improved anhydride-functional ized polymers, most 
notably, polyolefins grafted with maleic anhydride, are produced. For the improvement, the anhydride-functional ized 
polymer is modified by reacting with a CD under conditions that can convert all, when needed, or a portion of the 
anhydride groups to the corresponding half-ester. While it is known to graft diesters and half-esters of dicarboxylic 

45 acids or their anhydrides, such as maleic acid or maleic anhydride, onto various polymer substrates, polyolefin polymer 
compositions obtained by grafting CD onto a functionalized polyolefin exhibit a substantial increase in crystallinlty and 
improve the interfacial interaction of conventional polyolefin polymers such as changing partition coefficients, surface 
energy due to hydrophobicity, improve polymer barrier, and providing a selective scavenging function. Cyclodextrin 
grafted polymers can be used in various structures and types of food packaging to extend product shelf life, in fiber to 

so reduce malodors and as a barrier to organic permeants in variety of applications. 

Brief Discussion of the Drawings 
[0049] 

55 

FIGURE 1 is a graphical representation of the dimensions of a cyclodextrin molecule without detivalization. The 
central pore comprises the hydrophilic space, central pore or volume within the cyclodextrin molecule that can act 
as a site for absorbing a permeant or such contaminant. In the FIGURE, a, p, or -y-cyclodextrin is shown. Such 
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cyclodextrins have hydroxyl groups formed on the perimeter of the molecule that are available for reaction with 
anhydride and epoxide groups on functionalized polyolefins. 
FIGURE 2 is a micrograph of a molded coupon of NA-204 (LDPE). 

FIGURE 3 is a micrograph of a molded coupon of NA-204 (LOPE) compounded with 2.78 wt% alpha cyclodextrin. 
FIGURE 4 is a micrograph of a molded coupon of NA-204 (LDPE) compounded with 3.30 wt% beta cyclodextrin. 
FIGURE 5 is a micrograph of a molded coupon of PX 175 compounded with 2.78 wt% alpha cyclodextrin. 
FIGURE 6 is a. micrograph of a molded coupon of PX 175 compounded with 2.78 wt% beta cyclodextrin. 
FIGURE 7 is a schematic for a Organic Vapor Closed-Volume Static Permeation Cell. 
FIGURE 8 is a drawing of a closed-volume permeation profile. 

Experimental Section 

[0050] A further embodiment of the invention will show that chemically grafting cyclodextrin molecules onto function- 
alized polyolefin polymers produces a tailorable barrier with unique properties including reducing the mass transport 
of low molecular weight compounds, changing the surface energy of the polymer, effecting polar/nonpolar organic 
compound partitioning and increasing polymer crystallinity. 

[0051] The foregoing discussion illustrates various compositions of this invention and application for a beverage 
contact layer for gabletop cartons and bottles, plastic closures and sealing elements and the sealant layers for flexible 
films. The following examples and data further exemplify the invention. 

Compatibility Testing 

Qualtitative Sample Preparation. 

[0052] Five polyolefin samples were compounded with and without unmodified a-CD and fi-CD and visually checked 
for CD compatibility using an optical microscopy method. Two test coupons containing stoichiometric weight loadings 
a-CD and p-CD (2.78 wt% and 3 .20 wt%) were compounded into an ethylene-maleic anhydride copolymer/LDPE blend 
(Plexar 175, Equistar Chemicals L.P.) using a Brabender Plasticorder Mixing Bowl. A Brabender mixing bowl consists 
of two counter rotating roller blades in a number eight-shaped bowl. Two additional test coupons containing the same 
weight loading of a-CD and p-CD used in the Plexar samples were compounded with LDPE (NA-204, Equistar Chem- 
icals L.P.), the same LDPE used in the Plexar blend. And, finally, a fifth control sample of NA-204 LDPE resin was also 
compounded on a Brabender Plasticorder Mixing Bowl but without CD. All resins were dried at 85°C for 2 hours under 
vacuum (<0.1 " of Hg) before compounding, while a-CD and p-CD cyclodextrins were dried in a circulating air oven at 
1 05°C for 30 minutes. 

Alpha Cyclodextrin Compounding in Low Density Polyethylene (LDPE) and Ethylene-Maleic Anhydride 
Copolymer/LDPE Blend (EMA/LDPE). 

[0053] One and eleven hundredths gms of alpha cyclodextrin (lot 60P122, Wacker Chemie) was compounded into 
39.89 gms of LDPE (NA204, lot ET626241 , Equistar Chemicals, L.P.) or EMA/LDPE (Plexar PX 1 75, lot CL590803E1 , 
Equistar Chemicals, L.P.) using a Brabender Plasticorder Mixing Bowl for 5 minutes at 130°C and 80 rpm. The material 
was then molded into sample coupons 4.45 cm x 1 .59 cm x 0.1 0 cm with an Atlas Laboratory Mixing Molder set at 1 40 
rpm, 150°C for 2 minutes, with a mold temperature of 90°C. 

Beta Cyclodextrin Compounding in Low Density Polyethylene (LDPE) and Ethylene-Maleic Anhydride 
Copolymer/LDPE Blend (EMA/LDPE). 

[0054] One and thirty one hundredths gms of beta cyclodextrin (lot 70P1 62, Wacker Chemie) was compounded into 
39.69 gms of LDPE (NA204, lot ET626241 , Equistar Chemicals, L.P.) or EMA/LDPE (Plexar PX1 75, lot CL590803E1 , 
Equistar Chemicals, L.P.) using a Brabender Plasticorder Mixing Bowl for 5 minutes at 1 30°C and 80 rpm. This material 
was then molded into sample coupons 4.45 cm x 1 .59 cm x 0.1 0 cm with an Atlas Laboratory Mixing Molder set at 1 40 
rpm, 150°C for 2 minutes, with a mold temperature of 90°C. 

Photographic Procedure. 

[0055] A stereomicroscope with camera (Polaroid Type 57 film), at ~10.6x magnification was used. Lighting was a 
halogen spot incident at approximately 45° to horizontal, of the surface of the plastic. A black piece of paper (Polaroid 
film sheath internal) was used as a backing, to control stray light. The photographs were scanned at 200 DPI, using 
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the default brightness and contrast settings (i.e., no adjustment), and saved as JPEG's. Because the photographs 
were very flat in contrast, all the images were adjusted the same amount using GIMP: "-115" on brightness and "+65" 
on contrast. Dark artifacts in all photographs are from dust on the microscope optics. 

[0056] The microscopic examination was used to visually check for compatibility between the polyethylene resin and 
5 cyclodextrin. The results show both alpha and beta cyclodextrin compounded into LDPE resin and molded into thin 
translucent coupons produce agglomerates and particles in the polymer matrix that are visible by microscopic exam- 
ination (FIGURES 3 and 4). The microscopic results for alpha and beta cyclodextrin compounded on a stoichiometric 
weight basis into an anhydride functionalized LOPE resin and molded into thin translucent coupons produce no micro- 
scopic agglomerates or particles (FIGURES 4 and 5). The functionalized polyolefin/CD materials show the same clarity 
10 as the LDPE resin (FIGURE 2). 

Polyp lef in Crystal Unity and Surface Energy Testing 

Polyolefin Crystal Unity. 

75 

[0057] Degree of crystallinity affects the fundamental physical properties of the polymer. Crystallinity was measured 
by differential scanning calorimetry (DSC) by quantifying the heat associated with melting (fusion) of the polymer. 
Samples containing stoichiometric weight loadings p-CD were compounded in the Brabender Plasticorder Mixing Bow 
and were analyzed by DSC over a temperature range of -20°C to 1 60°C. All of the samples were subjected to an initial 
20 thermal treatment from room temperature to 1 60°C to impart equivalent thermal history to all samples. Following the 
thermal treatment, samples were then subjected to a controlled cooling program 1 60°C to -20°C followed by a controlled 
heating program from -20°C to 160°C. The second heats of melting, AHm, and the cold crystallization, AHc, are de- 
termined from by integrating the areas (J/g) under the peaks. The percent crystallinity was determined from the following 
equation: 

25 

% Crystallinity = [AHm - AHc] / AHm 0 

[The reference heat of melting (AHm°) for polyethylene is 293.6 Jg] 

30 Two LDPE resins (NA 204 and NA 214, Equistar Chemicals, L.P.) and three maleic anhydride functionalized resins 
(Plexar resins PX 175, PX 5125, PX 1856 and PX 1857, Equistar Chemicals, L.P.) and the four Plexar resins com- 
pounded with a stoichiometric weight loading of p-CD (3.2 wt%, 3.2 wt%, 4.6 wt% and 2.3 wt%, respectively) were 
analyzed by DSC. All the samples were subjected to identical processing conditions (thermal history) to eliminate 
processing effects. The percent crystallinity results are provided in Table 1 . 

35 [0058] The results clearly show that p-CD grafted maleic anhydride functionalized LDPE has significantly greater 
crystallinity than compounded maleic anhydride functionalized LDPE without CD. 

Surface Energy by Dynamic Contact Angle. 

40 [0059] Sorption and partition coefficients of various compounds are highly correlated to molecular structure. PE has 
a very high affinity for nonpolar flavor compounds, e.g. limonene, myrcene, pinene and valencene. Since beverages 
are water based, a situation is created where nonpolar flavor compounds, more miscible in PE, are preferentially 
absorbed from the beverage. We hypothesize that by changing the surface energy of the polymer by grafting CD onto 
a functionalized polyolefin the surface polarity increases, thereby lowering the equilibrium partition coefficient and 

45 increasing nonpolar flavor retention. To accomplish this, the contact food layer should selectively partition undesirable 
off-flavors from the packaged food while minimizing the loss of important flavoring compounds. 
[0060] The surfaces of cyclodextrin -grafted polyolefins were measures using a variation of the Wilhelmy slide tech- 
nique. In this test method, a liquid with a known surface tension is used to determine the contact angle of an unchar- 
acterized material. The technique measures the force exerted on the material to be characterized, extrapolated to the 

so moment of contact, the contact angle is using the following equation force (F), surface tension (y), and the perimeter 
of contact (p) is: 

F = yp cos (G) 

55 

Two LDPE resins (NA 204 and NA 214, Equistar Chemicals, L.P.) and three maleic anhydride functionalized resins 
(Plexar resins PX 175, PX 5125 and PX 1856, Equistar Chemicals, L.P.) The three Plexar resins compounded with a 
stoichiometric weight loadings a-CD and p-CD (2.78 wt% and 3.2 wt%) were analyzed for dynamic contact angle. All 
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the samples were subjected to identical molding conditions to eliminate processing effects on surface conditions, i.e., 
contaminants and texture. The large area of the test sample coupons 4.45 cm x 1 .59 cm x 0.10 cm is "averaged." 
Samples were tested in an Instron equipped with a 50 gmf load cell. The samples to be tested were lowered into a 
beaker of +1 8 Mohm water (polar liquid) and reagent grade toluene (nonpolar) and withdrawn. The liquid volume used 
5 was approximately 200 mL held at 24°C±during the testing. The Instron cross-head travel was 2 mm/min. and the 
extent of travel was 12 mm. The data files where imported into EXCEL for data analysis and calculation of contact 
angle. Triplicate results are averaged results are provided in Table 1 . 

[0061] The results show a reduction in the contact angle of a CD grafted polyolefin compared to the same function- 
aiized polyolefin without CD when tested in water. The decrease in the contact angle indicated a change in the surface 
10 energy of the CD grafted polyolefin making the material slightly more hydrophilic. Additionally, when the samples are 
tested in toluene, the surface tension of a CD grafted polyolefin compared to the same f unctionalized polyolefin without 
CD showed a decrease indicating a less hydrophobic surface. 



Table 1 

Physical test data summary of low density polyethylene (LDPE), ethylene-maleic 
anhydride copolymer/LDPE blend and 0~CD grafted ethylene-maleic anhydride 
copolymer/LDPE blend. 



35 



Sample ID 


Bulk Polymer Properties 


Melt Peak#l 


Melt Peak Ml 


Total 




% Crystallinity 


% Crystallinity 


% Crystallinity 


NA204 


25.0% 


3.8% 


28.8% 


PX 175 


31.7% 


9.5% 


41.2% 


PX 175 + 3,2% Crafted 


33.1% 


8.7% 


" 41.8% 


PX 5 125 


21.4% 


21.9% 


43.2% 


PX 5 125 ■* 3.2% 0-CD Grafted 


21.7% 


23.4% 


45.1% 


NA2I4 


38.6% 


ND 


38.6% 


PX 1856 


23.3% 


7.7% 


3J.0% 


PX 1 856 + 4.6% Grafted 


29.2% 


10.6% 


39.8% 
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Sample ID 


Polymer Surface Properties 


H.O 
Advancing 
Contact 
Angle 


HjO Retreating 
Contact Angle 


Surface Tension 
Dyncs/cm 
(Toluene) 


NA204 


104.1 


75.7 


31.90 


PX 175 


101.1 


75.3 


31.25 


PX 1 75 + 3 .2% frCO Grafted 


95.7 


63.5 


30.88 


PX5125 


97.5 


76.8 


31.52 


PX 5125 + 3.2% 0-CD Grafted 


98.3 


71.1 


32.93 


NA2I4 


101.8 


71.0 


31.83 


PX 1856 


99.7 


72.3 


30.54 


PX 1 856 + 4.6% 0-CD Grafted 


93.6 


62.9 


31.12 



Equilibrium Partition Coefficients 

55 

Example I 

[0062] Selective flavor compound sorption by package contact materials continues to be a problem especially in 
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beverages packaged in contact with LDPE. Nonpolar compounds have a very high affinity for LDPE. The partition 
coefficient of various aroma/flavor compounds into PE are highly correlated to their molecular structure and greatly 
influenced by polymer type, degree of crystallinity as well as the structure of the solute, and chain length and polarity 
of solute. A commercial single-strength "not-from-concentrate" orange juice was used to measure flavor compound 
5 partitioning in CD grafted LDPE and LDPE without CD grafting. 

Materials. 

[0063] Two ethylene-maleic anhydride copolymer/LDPE blends (Plexar 5125 and Plexar 175, Equistar Chemicals, 
10 L.P.) were compounded with a stoichiometric weight loading of unmodified £-CD (3.20 wt%) using a Brabender Plas- 
ticorder Mixing Bowl. A third control sample of LDPE resin was also compounded on a Brabender Piasticorder Mixing 
Bowl but without CD. All resins were dried at 85°C for 2 hours under vacuum (<0.1" of Hg) before use, while p-CD 
cyclodextrin was dried in a circulating air oven at 105°C for 30 minutes. 

15 Beta Grafted EMA/LDPE (Sample 1 A) - Beta Cyclodextrin Compounding in Ethylene-Maleic Anhydride 
Copolymer/LDPE Blend. 

[0064] One and thirty one hundredths gms of beta cyclodextrin (lot 70P1 62, Wacker Chemie) was compounded into 
39.69 gms of EMA/LDPE (Plexar PX175, lot CL590803E1 , Equistar Chemicals, L.P.) using a Brabender Piasticorder 
20 Mixing Bowl for 5 minutes at 130°C and 80 rpm. This material was then molded into sample coupons 4.45 cm x 1 .59 
cm x 0.10 cm with an Atlas Laboratory Mixing Molder set at 140 rpm, 150°C for 2 minutes, with a mold temperature 
of 90°C. 

Beta Grafted EMA/LDPE (Sample 1B) - Beta Cyclodextrin Compounding in Low Density Polyethylene (LDPE) 
25 and Ethylene-Maleic Anhydride Copolymer/LDPE Blend (EMA/LDPE). 

[0065] One and thirty one hundredths gms of beta cyclodextrin (lot 70P 1 62, Wacker Chemie) was compounded into 
31 .75 gins of EMA/LDPE (Plexar51 25, lot CL590803E1 , Equistar Chemicals, L.P) and 7.94 gms of EMA/LDPE (Plexar 
PX1 75, lot CL590803E1 , Equistar Chemicals, L.P.) using a Brabender Piasticorder Mixing Bowl for 5 minutes at 1 30°C 
30 and 80 rpm. This material was then molded into sample coupons 4.45 cm x 1 .59 cm x 0. 1 0 cm with an Atlas Laboratory 
Mixing Molder set at 140 rpm, 150°C for 2 minutes, with a mold temperature of 90°C. 

[0066] The CD grafted LDPE and control LDPE coupons were placed into hermetically scaled 300-mL glass bottles 
with ground glass stopper containing single-strength "not from concentrate" commercial orange juice and molded test 
polymer coupons (4.45 cm x 1 .59 cm x 0.10 cm). The bottles where filled and sealed with the stopper to eliminate any 
35 headspacc and allowed to remain at room temperature in the dark for 8 days. The CD grafted coupons, along with test 
coupons made from a reference polymer for comparison, and the orange juice in contact with the coupons were then 
analyzed for orange juice flavor compounds at the end of the test period. 

Analytical Method. 

40 

[0067] Extraction of orange juice volatiles and volatiles sorbed into the polymer coupons was conducted by solid 
phase microextraction, using a 75 urn carboxen-PDMS fiber (Supelco). Aliquots (25 mL) of orange juice were placed 
into 40-mL glass vials with plastic screw caps and Teflon coated septa, warmed to 40°C and gentle mixed. Samples 
were equilibrated for 5 minutes prior to the insertion of the fiber and were maintained at 40°C throughout the 35 min 

45 sorption period. The fiber is removed from the headspace and injected into the high-resolution gas chromatograph 
equipped with a flame ionization detector. An HP 5890 GC equipped with a 30m x 0.25 mm /rfDB5 capillary column 
(J&W Scientific) was used. Operating conditions were: column held at 32°C for 3 min and then increased at 6°C/min 
to 200°C, helium carrier gas linear velocity 29 cm/sec. Analysis was conducted in a splitless mode. The unknown flavor 
peak area is integrated to quantitate the concentration, and then the unknown flavor concentration is calculated from 

50 a four-point standard calibration covering the concentration range of the samples. Sample concentrations are reported 
in ppm (\ig/g - weight/weight). The flavor concentration is calculated from the calibration curve slope or response factor 
(RF). 

Concentration of Compound in ppm = (Peak Area X RF) - Sample Wt. 



Concentration of Compound in ppm = Cal{bration Curve slope - Sample 
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The partition coefficient (K c ) was calculated for the test flavor compou nds and the orange juice-polymer contact coupon 
system. values were determined using the following equation: 

K e (differential)^ [Cp] cq /[Coj] eq 

5 

where [Cj] eq is the concentration of the flavor compound in the juice at equilibrium and [Cp] eq is the concentration of 
the flavor compound in the polymer at equilibrium both in (u.g/g) determined by analysis. The partition coefficients (K e ) 
are presented in Table 2. The smaller the the lower the affinity of the flavor compound for the polymer, while larger 

10 coefficients reflect more favorable partitioning into the polymer. 

[0068] A large body of literature exists describing the important sensory flavor and aroma compounds in orange 
juice. Partition coefficients for thirteen key orange juice aroma/flavor compounds were determined. The orange juice 
flavor compounds were selected for their contribution to sensory quality. Compounds which contribute to orange juice 
aroma and off-aroma are also included. The following combinations are responsible for the highest sensory ratings: 

15 limonene /ethyl butyrate / neral / geranial; limonene / ethyl butyrate / neral / geranial / cc-pinene. Compounds which 
contribute to off-aroma and scalping them from the orange juice would be beneficial: oc-terpineol /hexanal / 4-vinyl 
guaiacol. Less limonene sorption and greater ot-terpineol sorption is also desirable. Limonene has a partition coefficient 
in the CD grafted LDPE resin that is 1 8% less than the control polymer, and neral and geranial have partition coefficients 
which are 35% and 23% less, respectively. Finally, 4-vinyl guaiacol, an undesirable pineapple off-flavor, had a partition 

20 coefficient that is 1 0% greater. 



Table 2 

25 Equilibrium partition coefficients for orange juice aroma and flavor compounds in CD 

grafted low density polyolefins and commercial contact layer LDPE following eight days 
storage in commercial orange juice. 

30 





Odor Threshold 1 
ppb in Water 


Flavor Threshold 1 
ppb in Water 


Alcohols Total 






Linalool 


5.3 


3.8 


a-Terpineol 


280 


300 


4-Vinyl guaiacol 


NA 


75 


Aldehydes Total 






Hexanal 


9-18 


3.66 


Octanal 


1.41 


0.52 


Decanal 


0.53 


1.07 ' 


Neral 


S5 


4L4 


Geranial 


NA 


40.0 


Esters Total 






Ethyl butyrate 


0.13 


0.13 


Hydrocarbons Total 






a-Pinene 


9.5 


1014 


/3-Myrcene 


36 


42 


Limonene 


60 


210 


Valencenc 


NA 


r NA 









1 E.M. Ahmed, R.A. Dennison, RJHL Dougherty, PJE. Shavw, "flavor and Odor Thresholds in Water of 
55 Selected Orange Juice Components, J. Agric. Food Chcm., Vol. 25, No. 1, 1978 
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EQUILIBRIUM PARTITION COEFFICIENTS - K« 
Temp-22°C 


($ Crafted EMA/LDPE - 
1A 


fi Grafted EM A/ LDPE - 
IB 


Control Resin 


Alcohols Total 


1C 


K* 


*c 


Linalool 


862 


744 


882 


a-Terpineol 


315 


292 


264 


4-Vinyl puaiacol 


493 


434 


569 


Aldehydes Total 


54 


18 


* 49 


Hexanal 


3150 


3249 


3412 


Octanal 


173 


151 


132 


Decanal 


477 


456 


487 


Ncral 


871 


783 


400 


Geranial 


702 


S77 


| 1 1 23 


Esters Total 


928 


1282 


1269 


Elhyl biityrate 


123 


116 


90 


Hydrocarbons Total 


123 




90 


oPincne 


1907 


2206 


2234 


/3-Myrcene 


730 


867 


815 


Limonene 


651 


746 


763 


Valenccnc 


452 


522 


547 




74 


72 


109 



1 E.M. Ahmed, R. A. Deitnison, R.H. Dougherty, P.E. Shaw, "Flavor and Odor Thresholds in Water of 
Selected Orange Juice Components, J.Agric. Food Chem., Vol: 25, No. 1, 1978 



Testing of Sealing Materials for Organoleptic Migrants 
35 Example II 

[0069] Low level volatiles (e.g., monomers, refinery contaminants, etc.) remain as a residue of the polymerization 
process or later thermo-oxidation products (e.g., aldehydes and ketones) may be produced during the conversion 
process. Dispersed in the polymer matrix, these components are able to migrate into food products in contact with the 

40 package by a process generally controlled by Fickian diffusion. These components are typically volatile and mobile 
enough to be detected by the human nose and give rise to an organoleptic defect often described as a "plastic" taste 
that is generally considered undesirable by many consumers. Polyolefins are widely used for sealing elements in 
carbonated water, beer and soft drinks, as well as in numerous sealant layers for shelf stable packages such as cereals, 
crackers, cookies, salted snacks, etc. Aldehydes are produced in small quantities when sealing materials are com- 

45 pounded and later converted to liners and shells. The objective is to show that CD grafted polyolefins compounded 
into closure compositions complex residual oxidation products, like aldehydes, in the thermoplastic resin during the 
compounding and molding process preventing them from out-gassing or migrating from the composition. 

Masterbatch Material. 

50 

[0070] CD grafted LDPE was first individually compounded into masterbatches. A final blend of CD grafted LDPE 
and closure liner composition (Polyliner461 , DS-Chemie, Bremen, Germany) was compounded to provide a CD loading 
of 0.50 wt% and 0.60 wt%. The final let down liner compositions with CD grafted polyolefin were further prepared prior 
to analysis for residual volatiles. 
55 [0071] Two ethylene-maleic anhydride copolymer/LDPE blends were compounded with a stoichiometric weight load- 
ing of unmodified p-CD (3.20 wt%) using a Brabender Plasticorder Mixing Bowl forming the masterbatches. A third 
control sample of the closure liner composition was also compounded on a Brabender Plasticorder Mixing Bowl but 
without CD. All resins were dried at 85°C for 2 hours under vacuum (<0.1 n of Hg) before use, while p-CD cyclodextrin 
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was dried in a circulating air oven at 1 05°C for 30 minutes. The following master batch compositions were compounded. 

Beta Cyclodextrln Compounding in Ethylene-Maleic Anhydride Copolymer/LDPE Blend (EMA/LDPE) 
Masterbatch. 

5 

[0072] One and thirty one hundredths gms of beta cyclodextrin (lot 70P1 62, Wacker Chemie) was compounded into 
39.69 gms of EMA/LDPE (Piexar PX175, lot CL590803E1 , Equistar Chemicals, LP.) using a Brabender Plasticorder 
Mixing Bowl for 5 minutes at 130°C and 80 rpm. 

10 Beta Cyclodextrin Compounding in Low Density Polyethylene (LDPE) and Ethylene-Maleic Anhydride 
Copolymer/LDPE Blend (EMA/LDPE) Masterbatch. 

[0073] One and thirty one hundredths gms of beta cyclodextrin (lot 70P1 62, Wacker Chemie) was compounded into 
31.75 gms of EMA/LDPE (Piexar PX5125, lot CL590803E1, Equistar Chemicals, LP.) and 7.94 gms of EMA/LDPE 
15 (Piexar PX1 75, lot CL590803E1 , Equistar Chemicals, L.P.) using a Brabender Plasticorder Mixing Bowl for 5 minutes 
at 130°C and 80 rpm. 

Test Compositions. 

20 [0074] A final test composition of CD grafted master batch and closure liner composition was made by compounding 
the materials in a Brabender Plasticorder Mixing Bowl . The wt% of the closure test compositions are provided in Table 3. 



Table 3 



CD grafted polyolefin and closure liner wt% compositions are compounded for organoleptic migrant testing. 


Sample ID 


Description 


CD Graft 


Wt% Composition 


a-CD 


p-CD 


PX 175 


PX 5125 


Liner 


2A 


Control 










100 


2B 


0.50% a-CD Grafted Blend 


X 




3.7 


14.8 


81.5 


2C 


0.60% a-CD Grafted Blend 


X 




4.5 


17.8 


77.7 


2D 


0.50% p-CD Grafted Blend 




X 


3.7 


14.7 


81.6 


2E 


0.60% p-CD Grafted Blend 




X 


4.4 


17.7 


77.9 



Laboratory Sample Preparation. 

[0075] Granulated Polyliner461 and CD grafted polyolefin masterbatch arc dry-blend batch mixed on a weight basis. 
The dry-blended materials are dried in a vacuum oven at <0.1-mm Hg pressure for 2 hours at 85°C to remove any 
residual water from both materials. 

[0076] A Brabender fusion bowl was used to compound the CD grafted masterbatch and closure liner composition 
mixtures. Replicate 41 -gram batches of pre-dried resins without CD grafted admixes are run to flush out the fusion 
bowl. The fusion bowl temperature was set at 130°C. With the rpm of the blades set at 80, 41 grams of test material 
composition is dropped into the bowl. The material is fed into the bowl over a 30-second period. After another 5 minutes 
of processing, the screw speed is reduced to zero and the molten resin is removed and collected on aluminum foil. 
The bowl and the roller blades are thoroughly cleaned before starting the next run. 

[0077] Compounded liner test materials are then milled into shavings having ~ 20 urn thickness for organoleptic 
resin volatiles testing. 

Analytical Method. 

[0078] Aldehydes in the Brabender prepared test samples are allowed to out-gas from the resin into the headspace 
of a vial during confinement at an elevated temperature. An aliquot of air taken from the headspace during the con- 
finement period is analyzed by static headspace gas chromatography using flame ionization detection. 
[0079] A 0.25-i-/-0.002g sample of milled shavings is placed into a 22-mL glass vial. The vial is immediately capped 
using a Teflon® faced butyl rubber septa and aluminum crimp top. Volatiles are desorbed from the sample into the 
headspace by heating the vial at 85°C for 24-hours. The vial is transferred to a heated (85°C) headspace sampler 
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(Hewlett Packard model 1 9395A) attached to a Hewlett Packard Model HP-5880 II GC equipped with a flame ionization 
detector (FID), and computerized data collection. J&W Scientific capillary column (DB-5, 30 m x 0.25 mm ID.. 1 .0 u.m 
film) with hydrogen carrier flow set at a split ratio of 20:1 . HRGC is used to measure the acetaldehyde concentration 
in the headspace of the vial. The aldehyde peak area is integrated to quantitate the concentration, and then the con- 
centration is calculated from a four-point standard calibration covering the concentration range of the samples. Sample 
concentrations are reported in ppm (u.g/g - weight/weight) . The aldehyde concentration is calculated from the calibration 
curve slope or response factor (RF) prepared for each aldehyde analyte. 



10 



Concentration of Compound in ppm = (Peak Area X RF) Sample Wt. 



Peak Area 

Concentration of Compound in ppm = Ca|ibration Curve slope - Sample Wt. 



15 Residual Aldehyde Test Results. 

[0080] When heated in a confined space, the closure test compositions produce part per billion and sub-part per 
billion levels of C 4 to C 10 aldehydes. Compositions containing CD grafted polyethylene substantially reduce the alde- 
hyde concentrations. Total C 4 to C 10 aliphatic aldehydes were reduced 38% and 44% for 0.50 wt% and 0.60 wt% a-CD 
20 grafted compositions, respectively. The related wt% loadings for p-CD grafted compositions reduced total aldehydes 
31% and 22%, respectively. 

Table 4 



The table shows a comparison of C 4 to C 10 saturated aldehydes in closure liner material with and without CD grafted 
polyolefin. Aldehyde concentrations are in ng/g or parts per billion. 




2A 


2B 


2C 


2D 


2E 


Decanal 


4.81 


2.43 


2.06 


3.54 


2.72 


Nonanal 


5.18 


5.18 


5.15 


5.04 


5.26 


Octanal 


358 


208 


185 


236 


275 


HeptanaJ 


0.79 


ND 


0.66 


0.60 


0.57 


Hcxanal 


19.2 


18.8 


18.1 


16.9 


16.7 


Butanal 


29.5 


25.3 


22.0 


26.4 


25.7 



25 



30 



35 



40 



45 



50 



55 



Organoleptic Testing of Sealing Materials Exposed to O zona ted Water 
Example III 

[0081] Purified bottled water demand has increased sharply worldwide. The process known as ozonation is the 
commercial method for disinfecting bottle water in the North America. The most commonly used materials to manu- 
facture bottles and closures are plastics such as polyethylene terephthalate (PET) for the bottle and polyolefins for 
liners and threaded closure shells. A "plastic-like" off-taste and off-odor is noticeable in water packaged in all plastic 
containers. This organoleptic defect is especially noticeable in water treated with ozone. Plastic off-taste in bottled 
water has be correlated with the presence of low level (typically part per billion) concentrations of aldehydes (e.g., 
hexanal, heptanal, octanal, nonanal, and decanal). Even before the liner or shell comes into contact with ozonated 
water, low aldehydes concentrations are inherent in the thermoplastic materials, as shown in Example 2, due to thermal 
oxidation degradation during processing. However, substantially greater aldehydes concentrations are measured in 
water which has been ozonated due to susceptible additives like erucamide, a common lubricant used in polyolefin 
sealing elements. Ozone chemically attacks unsaturated chemical bonds in additives and unsaturated olefin monomers 
(e.g., hexene, octene, decene) and oligomers. An accelerated storage testing method was used to measure aldehydes 
generated from liner compositions exposed to ozonated water. The test method with ozone treated water shows a 
further reduction in aldehydes can be achieved by incorporating CD grafted polyolefins into the closure composition. 
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Masterbatch Materials. 

[0082] CD grafted LDPE was first individually compounded into masterbatches. A final blend of CD grafted LDPE 
and closure liner composition (Polyliner461 , DS-Chemie, Bremen, Germany) was. compounded to provide a CD load- 
5 ing of 0.50 wt%. The final let down liner compositions with CD grafted polyolefin were further prepared prior to accel- 
erated ozonated water storage. 

[0083] Two ethylene-maleic anhydride copolymer/LOPE blends were compounded with a stoichiometric weight load- 
ing of unmodified p-CD (3.30 wt%) using a Brabender Plasticorder Mixing Bowl forming the masterbatches. A third 
control sample of LDPE resin was also compounded on a Brabender Plasticorder Mixing Bowl containing unmodified 
10 a- and p-CD. All resins were dried at 85°C for 2 hours under vacuum (<0.1 H of Hg) before use, while p-CD cyclodextrin 
was dried at 1 05°C for 30 minutes. The following masterbatch compositions were compounded. 

Beta Cyclodextrin Compounding in Ethylene-Maleic Anhydride Copolymer/LDPE Blend (EMA/LDPE) 
Masterbatch. 

15 

[0084] One and thirty one hundredths gms of beta cyclodextrin (lot 70P1 62, Wacker Chemic) was compounded into 
39.69 gms of EMA/LDPE (Plexar PX51 25, lot CL590803E1 , Equistar Chemicals, L.P.) or LDPE (NA204, lot ET626241 , 
Equistar Chemicals, L.P.) using a Brabender Plasticorder Mixing Bowl for 5 minutes at 130°C and 80 rpm. 
[0085] One and thirty one hundredths gms of beta cyclodextrin (lot 70P162, Wacker Chemie) was compounded into 
20 39.69 gms of EMA/LDPE (Plexar PX5125, lot CL590803E1, Equistar Chemicals, L.P.) and 7.94 gms of EMA/LDPE 
(Plexar PX1 75, lot CL590803E1 , Equistar Chemicals, L.P.) using a Brabender Plasticorder Mixing Bowl for 5 minutes 
at 130°C and 80 rpm. 

Alpha Cyclodextrin Compounding in Low Density Polyethylene (LDPE) and Ethylene-Maleic Anhydride 
25 Copolymer/LDPE Blend (EMA/LDPE) Masterbatch. ~ 

[0086] One and eleven hundredths gms of alpha cyclodextrin (lot 60P122, Wacker Chemic) was compounded into 
39.89 gms of EMA/LDPE (Plexar PX51 25, lot CL590803E1 , Equistar Chemicals, L.P.) or LDPE (NA204, lot ET626241 , 
r Equistar Chemicals, L.P.) using a Brabender Plasticorder Mixing Bowl for 5 minutes at 130°C and 80 rpm. 

30 

Alpha Cyclodextrin Compounding in Low Density Polyethylene (LDPE) and Ethylene-Maleic Anhydride 
Copolymer/LDPF Blend (EMA/LDPE) Masterbatch. 

[0087] One and eleven hundredths gms of alpha cyclodextrin (lot 60P122, Wacker Chemie) was compounded into 
35 -~ 31.75 gms of EMA/LDPE (Plexar PX5125, lot CL590803E1, Equistar Chemicals, L.P.) and 7.94 gms of EMA/LDPE 
(Plexar PX1 75, lot CL590803E1 , Equistar Chemicals, L.P.) using a Brabender Plasticorder Mixing Bowl for 5 minutes 
at 130°C and 80 rpm. 

Closure Test Compositions. 

40 

[0088] A final test composition of CD grafted master batch and closure liner composition was made compounding 
the materials in a Brabender Plasticorder Mixing Bowl for 5 minutes at 1 30°C and 80 rpm. The wt% of the closure test 
compositions are provided in Table 5. This material was then molded into sample coupons 4.45 cm x 1.59 cm x 0.10 
cm with an Atlas Laboratory Mixing Molder set at 140 rpm, 150°C for 2 minutes, with a mold temperature of 90°C. 

45 

Table 5 



CD grafted polyolefin, LDPE containing CD and closure liner wt% compositions. 


Sample ID 


Description 


Wt% Composition 


Closure 
Liner 


LDPE 
Masterbatch 


CD Grafted LDPE Masterbatch 








a-CD 


p-CD 


a-CD PX 
175 


p-CD PX 
175 


a-CD PX 
5125 


p-CD PX 
5125 


3A 


Control 
















3B 


0.50% a-CD 


81.5 


18.5 
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Table 5 (continued) 



CD grafted polyolefin, LDPE containing CD and closure liner wt% compositions. 


Sample ID 


Description 


Wt% Composition 


Closure 
Liner 


LDPE 
Masterbatch 


CD Grafted LDPE Masterbatch 








a-CD 


P-CD 


a-CD PX 
175 


p-CDPX 
175 


a-CD PX 
5125 


p-CD PX 
5125 


3C 


0.50% a-CD 
Grafled 


81.5 










18.5 




3D 


0.50% a-CD 
Blend 


81.5 






3.7 




14.8 




3E 


0.50% p-CD 


81.5 




18.5 










3F 


0.50% p-CD 
Grafted 


81.6 












18.4 


3G 


0.50% p-CD 

Grafted 

Blend 


81.6 








3.7 




14.7 



Sample Preparation. 

[0089] A laboratory system to generate ozone includes passing pure oxygen from a feed gas (5.5 liters/min) into a 
corona discharge ozone generator producing high purity ozone. A continuous ozone monitor records the ozone gen- 
erator output. Ozone is absorbed into the water yielding a substantial level of dissolved ozone gas in a given volume 
of water (approximately 800 ppb ozone). The ozone containing water is suitable for use in testing scaling element 
materials. 

[0090] The test involves liner material test coupons containing the compositions provided in Table 5, which are ex- 
posed to water sterilized with 800 ppb ozone and stored in 500 mL glass bottles with 475 mL of ozonated Dl water, 
metal screw caps with aluminum-faced liners. A 4.45 cm x 1 .59 cm x 0.10 cm in test coupon is wedged into the mouth 
of the bottle. Bottles are stored on their sides where the ozone treated water is in direct contact with the test coupon 
for seven days at 40° C. 



Analytical Method. 

[0091] Following the storage period, the aqueous contents are extracted 3 times with 30 mL methylene chloride, the 
methylene chloride extracts are dried through sodium sulfate drying columns, and the volume reduced to 0.5 mL using 
Kudema-Danish evaporator. The internal standard acenaphthene (2 pigm) was added to the reduced extract and, finally, 
the extracts are analyzed by high resolution gas chromatography using flame ionization detection. The aldehydes 
results are provided in Table 6. 



Table 6 



A comparison of aldehyde concentrations measured in ozone treated water in contact with closure liner compositions 
containing CD grafted LDPE and non-CD grafted LDPE. Aldehyde concentrations are u.gm/L or parts per billion is 
shown. 




ALDEHYDE CONCENTRATIONS IN OZONATED WATER 


3A 


3B 


3C 


3D 


3E 


3F 


3G 


tr- 

2-Decanal 


0.256 


0.095 


0.136 


0.093 


0.123 


0.148 


0.121 


Decanal 


0.105 


0.012 


0.070 


ND 


0.043 


0.131 


0.022 


Nonanal 


2.822 


1.806 


ND 


1.655 


3.268 


2.175 


2.467 
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Table 6 


(continued) 








A comparison of aldehyde concentrations measured in ozone treated water in contact with closure liner compositions 
containing CD grafted LDPE and non-CD grafted LDPE. Aldehyde concentrations are |xgm/L or parts per billion is 
shown. 




ALDEHYDE CONCENTRATIONS IN OZONATED WATER 




3A 


3B 


3C 


3D 


3E 


3F 


3G 


Octanal 


0.192 


ND 


ND 


ND 


0.017 


0.082 


ND 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Testing of Sealing Materials for Organoleptic Barrier 
Example IV 

[0092] A potent musty taint causing off-odor and off-flavor in beer, water and wine has been traced to an environ- 
mental contaminant called trichloroanisole (TCA). Sources of TCA have been traced containers of ships, wooden 
pallets, kraft paper bags and cardboard boxes. TCA is formed from chlorophenols, used in wood preserving, by fungal 
methylation. Concentrations of TCA as low as 5 - 10 ppt have been detected in aqueous solutions by trained panels 
and 20 - 30 ppt in untrained panels. 

Organic Vapor Transport. 

[0093] Permeation across a barrier can be explained where the membrane at time (to) is initially free from permeant 
vapor. The penetrant pressure p 2 at the upstream face of the membrane is increased giving a concentration in the 
surface layer c 2 . Diffusion is a measure of how quickly permeants move in a membrane across the concentration 
gradient and the time it takes to reach steady state. The downstream pressure, p 1 , while measurable, is negligible at 
small times relative to the upstream pressure p 2 . The amount of vapor permeating the film increases linearly with time 
once steady state has been reached. At large times, the upstream pressure p 2 will equal the downstream pressure p 1 . 
An illustrative transition profile is provided in FIGURE 8. 

[0094] The second objective is to show that a compatible cyclodextrin dispersed into P E then formed into a membrane 
retards organic vapor transport and reduces mass flux as measured in the static test cell in FIGU RE 7. Two experimental 
membranes are tested. The effect of cyclodextrin is measured in a monolayer liner composition membrane at diffusion 
time (t) when p 2 = p 1 with TCA. 



55 



Master-batch Materials. 

[0095] CD grafted LDPE was first individually compounded into masterbatches. A final blend of CD grafted LDPE 
and closure liner composition (Svelon 477, DS-Chemie, Bremen, Germany) was compounded to provide a CD loading 
of 0.50 wt% and 0.60 wt%. The final let down liner compositions with CD grafted polyolefin were further prepared prior 
to analysis for residual volatiles. 

[0096] Two ethylene-maleic anhydride copolymer/LDPE blends (Plexar 1856, Equistar Chemicals, L.P.) were com- 
pounded with a stoichiometric weight loading of unmodified a-CD (3.91 wt%) and unmodified -^CD (5.21 wt%) using 
a Brabender Plasticorder Mixing Bowl forming the masterbatches. All resins were dried at 85°C for 2 hours under 
vacuum (<0.1" of Hg) before use, while the cyclodextrins were dried at 105°C for 30 minutes. 

Alpha Cyclodextrin Compounding in Ethylene- Maleic Anhydride Copolymer/LDPE Blend (EMA/LDPE). 

[0097] One and six tenths gms of alpha cyclodextrin (lot 60P122, Wacker Chemie) was compounded into 39.4 gms 
of EMA/LDPE (Plexar PX1856, lot 51080101, Equistar Chemicals, L.P.) using a Brabender Plasticorder Mixing Bowl 
for 5 minutes at 150°C and 80 rpm. 

Gamma Cyclodextrin Compounding in Ethylene-Maleic Anhydride Copulymer/LDPE Blend (EMA/LDPE). 

[0098] Two and fourteen hundredths gms of gamma cyclodextrin (lot 80P080, Wacker Chemie) was compounded 
into 38.86 gms of EMA/LDPE (Plexar PX1856, lot 51080101 , Equistar Chemicals, L.P.) using a Brabender Plasticorder 
Mixing Bowl for 5 minutes at 1 50°C and 80 rpm. 
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Test Compositions. 

[0099] A final test composition of CD grafted master batch and closure liner composition was made compounding 
the materials in a Brabender Plasticorder Mixing Bowl for 5 minutes at 130°C and 80 rpm. This material was then 
5 molded into sample coupons 4.45 cm x 1.59 cm x 0.10 cm with an Atlas Laboratory Mixing Molder set at 140 rpm, 
1 50°C for 2 minutes, with a mold temperature of 90°C. The wt% of the closure test compositions are provided in Table 7. 



Table 7 



CD grafted polyolefin and closure liner wt% compositions are shown. 


Sample ID 


Description 


CD Graft 


Wt% Composition 


a-CD 


Y-CD 


PX1856 


Liner 


4A 


Control 








100 


4B 


0.50% a-CD Grafted 


X 




12.8 


87.2 










3.6 


81.7 












81.7 


4C 


0.40% y-CD Grafted 




X 


7.7 


92.3 


4D 


0.50% y-CD Grafted 




X 


9.6 


90.4 



Mo no- layer Disc Preparation. 

25 [0100] A 1 .27-cm diameter punch is used to cut two discs from the 4.45 cm x 1 .59 cm x 0.1 0 cm coupons for static 
permeation testing. Replicate sample thickness must be +/-5% 

Analytical Method for Organic Vapor Permeation 

30 [0101 ] The permeation method involves experimental techniques to measure organic molecule transport through a 
polymer packaging structure, using a static concentration gradient. High-resolution gas chromatography (HRGC) op- 
erated with electron capture detection (ECD) is used to measure the cumulative downstream penetrant concentration. 

Apparatus. 

35 

[0102] Disc samples (0.10 cm thick x 1 .27 cm diameter and weighing 128 mg) are tested in a closed-volume vapor 
permeation device (refer to FIGURE 7). The experimental aluminum measurement cell has two compartments (i.e., 
cells) separated by the disc under study (effective disc area = 5.3 cm 2 ) and capped at both ends using Teflon® faced 
butyl rubber septa and aluminum crimp-tops. 

40 [01 03] The test disc is placed into the upper cell; the cell is assembled using an o-ring to firmly seal the test disc and 
screws to pull upper and lower cells together. Next, the upper cell is capped with a Teflon® faced butyl rubber septa 
and aluminum crimp-top. Two permeation standards are prepared. The permeant standard contains 2,4,6-trichloro- 
anisole. The permeant is dispersed in a deionized water/surfactant mixture. The permeant water/surfactant mixture is 
injected into the lower cell providing a concentration p 2 at to shown in Tables 8. TCA concentrations p 2 in the lower cell 

45 is expressed in parts per billion - nl_ / L (vol ./vol.) - using gas laws. Then the lower cell is immediately capped with a 
Teflon® faced butyl rubber septa and aluminum crimp-top. 

[0104] The standard concentrations of TCA were prepared by diluting a stock solution of TCA prepared in methanol 
at 50 mg/rnL in a 1 % Triton X 1 00 aqueous solution. The dilutions were prepared so that 5 uL additions of the diluted 
stock provided the masses (pg) to the test 20 ml_ headspace vials. The following SPME GC/ECD instrument conditions 
so were used in the TCA analysis. 



Column 


DB-5 (40 meter by 0.18 mm id, 0.18 fim film) 


Carrier 


Hydrogen 


Headpressure 


22 psi (1 mL/min) 


Inj. Mode 


Splitless (1 min) 


Inj. Temp 


270°C 


ECD Total Flow 


60 mL/min 
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(continued) 


ECD Temp 


275°C 


GC Oven Temp 


50°C for 2 min 

10°C/min to 225"C for 0.5 min 


SPME Conditions 


Heat @ 50°C for 30 min 

Insert SPME for 30 min @ 50°C 

SPME Fiber (blue, PDMS/DVB) 



Trichloroanisole. 



15 



20 



[0105] HRGC operated with an ECD is used to measure the change in the cumulative trichloroanisole concentration 
at time t % in the upstream cell. An illustrative closed-volume static permeation profile is provided in FIGURE 8. At the 
end of 6-hours, a sample is collected by solid phase microextraction (SPME) from the upper cell and analyzed by 
HRGC/ECD. The trichloroanisole concentration is determined from calibration standards and measured in pL / L or 
parts per trillion (vol./vol.) using gas laws. Test cells are prepared and analyzed in triplicate. Table 8 contains the 
concentration p 2 of TCA in the lower cell at t=0, and the concentration p 1 of TCA in the upper cell at time t^ or 6-hours 
in the control and the triacetyl gamma cyclodextrin (TA-y-CD) sample at two loadings. 



Table 8 



25 



30 



35 



40 



The concentration of trichloroanisole is measured by static permeation using headspace HRGC/ECD in a control 
closure composition containing CD grafted materials * permeation cell temperature maintained at 50°C. j 


Permeant 


Cone. p 2 @ 
Time = 0 


Concentration — @ Time = 6 Hours 


All Samples 


4A 


4B 


4C 


4D 




U.L/L 


pL/L 


pL/L 


pUL 


pL/L 


2,4,6-Trichloroanisole 


1310 


210 


169 


136 


148 


Total 


1310 


210 


169 


136 


148 


U.UL = Parts Per Million pL/L = Parts Per Trillion 



[0106] Closure compositions containing CD grafted material substantially reduced TCA mass transfer. TCA mass 
transfer was reduced 1 8.6% and 34.6% in liner composition compounded with 0.40 wt% and 0.50 wt%V CD grafted 
LDPE, respectively. -y-CD grafted LDPE at 0.50 wt% reducedTCA mass transfer 28.8%. TCA reduction is both afunction 
of CD isomer (a, p or y) and concentration. 

Testing of Film Materials for Moisture Vapor transport or Barrier Properties 



Example V 

45 [0107] For aspecific package application or package design, it may be important to decrease water transport because 
of the sensitivity of the contents or to reduce film gauge for environmental reasons. High-density polyethylene (HDPE) 
films are commonly used in conjunction with bag-in-box food packaging applications to package cereals, crackers and 
snack foods. Moisture barrier in the flexible polyolefin structure plays an important role protecting these products from 
moisture ingress that can lead to sensory changes such as staling and loss of crispness, which shortens product shelf 

50 life. An improved moisture vapor barrier composition can comprise a thermoplastic web comprising a polyolefin polymer 
and a dispersed functional polyolefin that contains pendent cyclodextrin molecules. 

Masterbatch Materials. 

55 [0108] An Ethylene-maleic anhydride copolymer (melt index 7.4 g/10 min and maleic anhydride functionality of 0.86 
wt%) was compounded with a stoichiometric weight loading (5.0 wt%) of unmodified (3-CD using a co-rotating com- 
pounding extruder (Warner Pfleiderer Corporation ZSK-30mm). It was configured with an upstream feed zone for the 
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ethylene-maleic anhydride (EMA) copolymer and P-CD, followed by a mixing section, afeed zone for the HDPE, another 
mixing section with a melt seal, followed by a vacuum section and finally a conveying section and strand die. The EMA 
copolymer was dried for 6 hours at 95°C, at a pressure of <0.1 inches of Hg. The cyclodextrin was dried for 28 hours 
at 105°C, at a pressure of <0.1 inches of Hg. Weight loss feeders were used to deliver all materials. The cyclodextrin 

5 was kept under a nitrogen blanket to prevent moisture pickup. The feed zone was at ambient temperature (i.e.) about 
22°C, first mixing zone was 150°C the other zones were set at 125°C. The melt temperature at the die was 204°C. 
The extruder was operated at 300 rpm : and 61% of max torque. The output rate was 22.7 kg per hour. The p-CD was 
fed at 1.18 kg per hour, the EMA was fed at 10.18 kg per hour, and the HDPE was fed at 11.37 kg per hour. The 
cyclodextrin also contained a mixture of 3.1 % Dynamar 5929 and 0.38% each of Irganox 1010 and Irgaphos 168. The 

10 EMA copolymer and the HDPE (Petrothene LM 6007) were obtained from Equistar; Irganox and Irgaphos antioxidants 
were obtained from Ciba Specialty Chemicals Corporation; Dynamar lubricant was obtained from the 3M Company, 
and the beta cyclodextrin was obtained from Wacker Biochem Corporation. 

Film Preparation. 

15 

[0109] HDPE (LM 6007) and the masterbatch formulation were converted into three films by blown film extrusion. 
The films were blown on a Killion laboratory scale blown film line. The extruder is equipped with a 25 mm diameter 
(24:1 UD ratio) screw operated at 1 22 rpm with an output of 3.6 Kg/hour and pulled at two different speeds producing 
two different film gauges of 1 .4 and 2.2 mil. The extruder is flood feed operated with virgin HDPE only as a control, 
20 and with the masterbatch formulation which was pre-blended with virgin HDPE resin by mechanical tumbling to provide 
two final CD weight compositions of 0.50 wt% and 0.35 wt%. 

[01 10] The blown film line annular film die has a 31 .75-mm diameter and is operated at 21 1 °C. The extruded polymer 
tube bubble has a diameter of 14.6 cm for both film thicknesses 1 . The two-extruder zones are operated at 226°C and 
227°C, respectively. The polymer melt temperature is 227°C. The extruder to film die adapter is operated at 227°C. 

25 

Water- Vapor Transmission. 

[0111] Water vapor permeates through polymers is much the same as other vapors. The efficacy of functional ized 
polyolefin containing pendent cyclodextrin molecules is determined by published ASTM methods (E 96 and F 1249) 

30 used to determine a rate of water vapor transmission , which is designated as the time rate of water vapor flow, under 
steady conditions, through unit area, underthe relative humidity and temperature conditions of test. The accepted units 
are grams per day per meter squared (g/(day • m 2 ) or grams per day per hundred square inches (g/(day • 100 in 2 ). 
The test is conducted until a steady state has been reached. Duplicate water vapor transmission rate (WVTR) test 
results are provided in Table 9 and 10. ASTM Method F 1249 was used to generated the WVTR test results in Tables 

35 9 and WVTR test results in Table 1 0 were generated according to ASTM Method E 96, Procedure B - Water Method 
at 23°C. The following table comprises a comparison of water vapor transmission rates (WVTR) for a control high- 
density polyethylene (HDPE) film and p-CD grafted polyethylene in HDPE film using ASTM Method F 1249. 



Table 9 





Ave. Film 
Thickness (mils) 
±0.05 


WVTR (WV Transmission Rate) 
The time rate of water vapor flow normal to surfaces, under 
steady-state conditions, per unit area 


gm/m 2 -day 


gm/100inch 2 day 


Control #1 


1.92 


3.07 


0.198 


Control #2 


2.24 


2.90 


0.187 , 


0.35% p-CD Graft, Rep. #1 


2.27 


2.52 


0.163 


0.35% p-CD Graft, Rep. #2 


2.25 


2.53 


0.163 


0.50% p-CD Graft, Rep. #1 


2.31 


2.61 


0.168 


0.50% p-CD Graft, Rep. #2 


2.59 


2.51 


0.162 


*Test temperature: 37.8°C ± 0.3°C *Test R.H.: 90% "Sample test area: so cm* " lest resuir ac- 
curacy: ±3% 

*Test results corrected to 760 mm Hg 'Average thickness based on five points distributed over the entire test 
piece 
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[0112] The results in the forgoing table show a substantial reduction in the WVTR of the CD grafted polyolefin (0.35% 
and 0.50% CD) in HDPE (LM 6007) compared to the same HDPE (LM 6007) control without grafted CD. The improved 
water vapor barrier in the CD grafted films of the present invention using ASTM Test Method F 1 249 is approximately 
15% versus the control HDPE. 

[0113] The following data show a comparison of water vapor transmission rates (WVTR) for a control high density 
polyethylene (HDPE) film and 0-CD grafted polyethylene in HDPE film using ASTM Method E 96, Procedure B - Water 
Method at 23°C. 



Table 10 





Ave. Film 
Thickness (mils) 
±0.05 


WVTR (WV Transmission Rate) 
The time rate of water vapor flow normal to surfaces, under 
steady-state conditions, per unit area 


gm/m 2 »day 


gm/100inch 2 »day 


Control #1 


1.39 


0.484 


0.031 


Control #2 


1.40 


0.496 


0.032 


0.50% p-CD Graft, Rep. #1 


1.40 


0.409 


0.026 


0.50% p-CD Graft, Rep. #2 


1.40 


0.393 


0.025 


*Test temperature: 23°C ± 0.5°C * Test R.H.: 50% * Sample test area: 31 .5 cnv 2 
* Average thickness based on five points distributed over the entire test piece 
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A substantial reduction in the WVTR of the 0.50% CD grafted polyolefin in HDPE (LM 6007) compared to the same 
HDPE (LM 6007) control without grafted CD. The improved water vapor barrier in the CD grafted films of the present 
invention using ASTM Test Method E 96 (Procedure B - Water Method at 23°C) is approximately 1 8% versus the control 
HDPE. 

[0114] The specification, figures, examples and data provide a detailed explanation of the invention as it has been 
developed to date. The invention, however, can take a number of embodiments without departing from the spirit or the 
intended scope of the invention. The invention and, therefore, resides in the claims hereinafter appended. 



Claims 



35 



40 



45 
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55 



1 . A thermoplastic polymer composition, comprising a blend of a polyolefin resin and a chemically-modified polyolefin 
resin, the modified polyolefin resin comprising a polymethylene backbone comprising pendant randomly substi- 
tuted covalently bonded groups comprising a cyclodextrin compound; wherein the cyclodextrin compound is sub- 
stantially free of a compound in the central pore of the cyclodextrin ring. 

2. The thermoplastic polymer composition of claim 1 wherein composition comprises about 100 parts by weight of 
the polyolefin resin and about 0.01 to 10 parts by weight of the modified polyolefm; wherein the polyolefin comprises 
a melt index of about 0.5 to 1 00 g-1 0 min- 1 and the modified polyolefin is derived from a polyolefin having a melt 
index of about 0.7 to 200 g-1 0 min." 1 

3. The thermoplastic polymer composition of claim 1 wherein the polyolefin comprises a melt index of about 1 to 75 
g-1 0 min. -1 and the modified polyolefin is derived from a polyolefin having a melt index of about 1 to 1 00 g-1 0 min." 1 

4. The thermoplastic polymer composition of claim 1 wherein the modified polyolefin comprises a cyclodextrin bonded 
to a maleic anhydride modified polyolefin wherein the polyolefin comprises about 0.02 to 5 weight percent maleic 
anhydride. 

5. The thermoplastic polymer composition of claim 1 wherein the cyclodextrin compound has a substituent substan- 
tially on at least one -OH group at the -2 : -3 or the -6 position of a glucose moiety in the cyclodextrin. 

6. A chip comprising a shaped polyolefin resin particulate with a major dimension of less than about 10 millimeters 
and a weight of about 20 to 50 milligrams, the chip comprising a blend of a polyolefin resin and a modified polyolefin 
resin, the modified polyolefin resin comprising a polymethylene backbone having pendant randomly substituted 
covalently bonded groups derived from a cyclodextrin compound, the chip comprising about 100 parts by weight 
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of the polyolefin resin and about 0.01 to 10 parts by weight of the modified polyolefin; wherein the cyclodextrin 
compound is substantially free of a compound in the central pore of the cyclodextrin ring. 

7. A container comprising an enclosed volume surrounded by a polyolefin web, the web comprising a blend of a 
5 polyolefin resin and a modified polyolefin resin, the modified polyolefin resin comprising a polymethylene backbone 

having pendant randomly substituted covalently bonded groups derived from a cyclodextrin compound, the chip 
comprising about 1 00 parts by weight of the polyolefin resin and about 0.01 to 1 0 parts by weight of the modified 
polyolefin; wherein the cyclodextrin compound is substantially free of a compound in the central pore of the cyclo- 
dextrin ring. 

10 

8. The container of claim 7 wherein the polyolefin comprises a polyolefin having a melt index of about 0.5 to 1 00 g- 
10min.- 1 

9. A film comprising a blend of a polyolefin resin and a modified polyolefin resin, the modified polyolefin resin corn- 
is prising a polymethylene backbone having pendant randomly substituted groups derived from a cyclodextrin com- 
pound, the film comprising about 100 parts by weight of the polyolefin resin and about 0.01 to 10 parts by weight 
of the modified polyolefin; wherein the cyclodextrin compound is substantially free of a compound in the central 
pore of the cyclodextrin ring. 

20 10. The film of claim 9 wherein the polyolefin comprises a melt index of about 0.5 to 1 00 g-1 0 min.- 1 

11. A thermoplastic polymer composition comprising a blend of a polyolefin resin and a modified polyolefin resin, the 
modified polyolefin resin comprising a cyclodextrin bonded to a backbone carbon of the polymer through a maleic 
acid residue or to a carbon in a pendent group through a maleic acid residue; wherein the cyclodextrin compound 

25 is substantially free of a compound in the central pore of the cyclodextrin ring. 

12. The thermoplastic polymer composition of claim 11 wherein the composition comprises about 100 parts by weight 
of the polyolefin resin and about 0.01 to 10 parts by weight of the modified polyolefin, the polyolefin comprises a 
polyolefin having a melt index of about 0.5 to 1 50 g-1 0 mim 1 and the modified polyolefin is derived from a polyolefin 

30 having a melt index of about 0.7 to 200 g-1 0 min." 1 

13. The thermoplastic polymer composition of claim 1 2 wherein the polyolefin comprises a melt index of about 1 to 75 
g-1 0 min." 1 and the modified polyolefin is derived from a polyolefin having a melt index of about 1 to 1 00 g-1 0 min/ 1 

35 14. The thermoplastic polymer composition of claim 11 wherein the modified polyolefin comprises about 0.1 to8wt% 
of the cyclodextrin modified polyolefin. 

15. A thermoplastic polymer chip comprising a shaped polyolefin resin particulate with a major dimension of less than 
about 10 millimeters and a weight of about 15 to 50 milligrams, the chip comprising a blend of a polyolefin resin 
40 and a modified polyolefin resin, the modified polyolefin resin comprising a cyclodextrin bonded to a backbone 

carbon of the polymer through a maleic acid residue or to a carbon in a pendent group through a maleic acid 
residue; wherein the cyclodextrin compound is substantially free of a compound in the central pore of the cyclo- 
dextrin ring. 

45 16. A thermoplastic polymer composition, comprising a modified polyolefin resin comprising a polymethylene backbone 
comprising randomly substituted covalently bonded groups comprising a cyclodextrin compound; wherein the cy- 
clodextrin compound is substantially free of a compound in the central pore of the cyclodextrin ring. 

1 7. The thermoplastic polymer composition of claim 1 6 wherein the modified polyolefin comprises a cyclodextrin bond- 
50 ed to a maleic anhydride modified polyolefin wherein the polyolefin comprises about 0.02 to 5 weight percent 

maleic anhydride and wherein the polyolefin comprises a melt index of about 1 to 75 g-1 0 min. -1 and the modified 
polyolefin is derived from a polyolefin having a melt index of about 1 to 100 g-10 min." 1 



55 Amended claims in accordance with Rule 86(2) EPC. 

1. A thermoplastic polymer composition, comprising a blend of a polyolefin resin and a chemically-modified poly- 
olefin resin, the modified polyolefin resin comprising a polymethylene backbone comprising pendant randomly 
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substituted covalently bonded groups comprising a cyclodextrin compound; wherein the cyclodextrin compound 
is substantially free of a compound in the central pore of the cyclodextrin ring. 

2. The thermoplastic polymer composition of claim 1 wherein composition comprises about 100 parts by weight 
s of the polyolefin resin and about 0.01 to 1 0 parts by weight of the modified polyolef in; wherein the polyolefin com- 
prises a melt index of about 0.5 to 100 g-10 mhr 1 and the modified polyolefin is derived from a polyolefin having 
a melt index of about 0.7 to 200 g-1 0 min. -1 

3. The thermoplastic polymer composition of claim 1 wherein the polyolefin comprises a melt index of about 1 to 
w 75 g-10 min." 1 and the modified polyolefin is derived from a polyolefin having a melt index of about 1 to 100 g-10 

min. -1 

4. The thermoplastic polymer composition of claim 1 wherein the modified polyolefin comprises a cyclodextrin 
bonded to a maleic anhydride modified polyolefin wherein the polyolefin comprises about 0.02 to 5 weight percent 

15 maleic anhydride. 

5. The thermoplastic polymer composition of claim 1 wherein the cyclodextrin compound has a substituent sub- 
stantially on at least one -OH group at the -2, -3 or the -6 position of a glucose moiety in the cyclodextrin. 

20 6. A chip comprising a shaped polyolefin resin particulate with a major dimension of less than about 1 0 millimeters 

and a weight of about 20 to 50 milligrams, the chip comprising a blend of a polyolefin resin and a modified polyolefin 
resin, the modified polyolefin resin comprising a polymethylene backbone having pendant randomly substituted 
covalently bonded groups derived from a cyclodextrin compound, the chip comprising about 100 parts by weight 
of the polyolefin resin and about 0.01 to 10 parts by weight of the modified polyolefin; wherein the cyclodextrin 

25 compound is substantially free of a compound in the central pore of the cyclodextrin ring. 

7. A container comprising an enclosed volume surrounded by a polyolefin web, the web comprising a blend of a 
polyolefin resin and a modified polyolefin resin, the modified polyolefin resin comprising a polymethylene backbone 
having pendant randomly substituted covalently bonded groups derived from a cyclodextrin compound, the chip 

30 comprising about 100 parts by weight of the polyolefin resin and about 0.01 to 10 parts by weight of the modified 

polyolefin; wherein the cyclodextrin compound is substantially free of a compound in the central pore of the cyclo- 
dextrin ring. 

8. The container of claim 7 wherein the polyolefin comprises a polyolefin having a melt index of about 0.5 to 100 
35 g-10 min. -1 

9. A film comprising a blend of a polyolefin resin and a modified polyolefin resin, the modified polyolefin resin 
comprising a polymethylene backbone having pendant randomly substituted groups derived from a cyclodextrin 
compound, the film comprising about 100 parts by weight of the pofyolefin resin and about 0.01 to 10 parts by 

40 weight of the modified polyolefin; wherein the cyclodextrin compound is substantially free of a compound in the 

central pore of the cyclodextrin ring. 

10. The film of claim 9 wherein the polyolefin comprises a melt index of about 0.5 to 100 g-10 min." 1 . 

45 11. a thermoplastic polymer composition comprising a blend of a polyolefin resin.and a modified polyolefin resin, 

the modified polyolefin resin comprising a cyclodextrin bonded to a backbone carbon of the polymer through a 
maleic acid residue or to a carbon in a pendent group through a maleic acid residue; wherein the cyclodextrin 
compound is substantially free of a compound in the central pore of the cyclodextrin ring. 

so 12. The thermoplastic polymer composition of claim 11 wherein the composition comprises about 100 parts by 

weight of the polyolefin resin and about 0.01 to 10 parts by weight of the modified polyolefin, the polyolefin com- 
prises a polyolefin having a melt index of about 0.5 to 150 g-10 min" 1 and the modified polyolefin is derived from 
a polyolefin having a melt index of about 0.7 to 200 g-1 0 min/ 1 

55 13. The thermoplastic polymer composition of claim 12 wherein the polyolefin comprises a melt index of about 1 

to 75 g-10 min/ 1 and the modified polyolefin is derived from a polyolefin having a melt index of about I to 100 g- 
10 min.* 1 
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14. The thermoplastic polymer composition of claim 11 wherein the modified polyolefin comprises about 0.1 to 8 
wt% of the cyclodextrin modified polyolefin. 

15. A thermoplastic polymer chip comprising a shaped polyolefin resin particulate with a major dimension of less 
s than about 10 millimeters and a weight of about 1 .5 to 50 milligrams, the chip comprising a polyolefin resin and a 

modified polyolefin resin, the modified polyolefin resin comprising a cyclodextrin bonded to a backbone carbon of 
the polymer through a maleic acid residue or to a carbon in a pendent group through a maleic acid residue; wherein 
the cyclodextrin compound is substantially free of a compound in the central pore of the cyclodextrin ring. 

10 16. A thermoplastic polymer composition, comprising a modified polyolefin resin comprising a polymethylene back- 

bone comprising randomly substituted covalently bonded groups comprising a cyclodextrin compound; wherein 
the cyclodextrin compound is substantially free of a compound in the central pore of the cyclodextrin ring. 

17. The thermoplastic polymer composition of claim 16 wherein the modified polyolefin comprises a cyclodextrin 
15 bonded to a maleic anhydride modified polyolefin wherein the polyolefin comprises about 0.02 to 5 weight percent 

maleic anhydride and wherein the polyolefin comprises a melt index of about 1 to 75 g-1 0 min.' 1 and the modified 
polyolefin is derived from a polyolefin having a melt index of about 1 to 1 00 g-1 0 min." 1 

18. The thermoplastic chip of claim 1 5 wherein the chip comprises a polyethylene resin and a modified polyethylene 
20 resin. 

19. The thermoplastic chip of claim 15 wherein the chip comprises a blend of the polyolefin resin and the modified 
polyolefin resin. 

25 20. The thermoplastic chip of claim 1 8 wherein the amount of the coating of the modified polymer is selected such 

that when combined with the polyolefin resin to form a blend, the blend comprises about 0.01 to 10 wt% of the 
modified polymer. 



30 



21. A method of manufacturing a barrier material comprising the steps of: 



(a) combining a polymer and a modified polymer, the modified polymer comprising a cyclodextrin bonded to 
a backbone of the polymer through a maleic anhydride residue or to a carbon in a pendent group through a 
maleic anhydride residue; wherein the cyclodextrin compound is substantially free of the compound in central 
core of the cyclodextrin ring; and 
35 (b) extruding the polymer and modified polymer to form a barrier composition comprising about 0.01 to 1 0 wt% 

of the modified polymer. 
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Figure 7, Organic Vapor Closed-Volume Static Permcantion Cell 
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